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LIGHT Sfi(II77XHO ^PPAHaTUS LIGHT SfifllTTIHG SaSTHOD 

The present application is based on Japanese patent 
application No, 2002-349286, the entire contents of which are 
5 incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
This invention relates to light emitting apparatus and 
10 light emitting method that can be applied to a field requiring 
reliability such as disaster prevention light and traffic light, 
a field requiring light ts^eight and small size such as in-vehicle 
light and LCD backlight and a field recjuiring visibility such 
as station guide plate, and more particularly to light emitting 
15 apparatus and light emitting method that has a structure with 
light emitting element and phosphor. combined. 

DESCRIPTION OF THE RELATED ART 
Conventionally, a light emitting apparatus is developed 
20 that part of light from light emitting element is 
^wavelength-converted, then mixed with light not 
wavelength-converted to offer light with emission color 
different from that of the light emitting element. 

For example, a light emitting apparatus is commercially 
25 available that employs a III group nitride system compound 
semiconductor light emitting element to emit blue light, and 
a cerium (Ce) doped yttrium-aluminum-gamet system phosphor 
(YAO) . In this light emitting apparatus, the light emitting 
element is mounted on the cup portion of lead frame and light 
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transmitting material with phosphor (YAG) dispersed is filled 
in the cup portion « thereby phosphor layer is formed in the 
emission direction of the light emitting element . in operation, 
part of light from the light emitting element ie absorbed and 
5 wavelength- converted by the phosphor (YAG) when it passes 
through the phosphor layer, the other part of light is 
transmitted through the transmitting material without being 
absorbed. Accordingly, these two lights are mixed and, 
therefore, white light can be radiated from the light emitting 
10 apparatus . 

Well known phosphors are composed of matrix material, 
such as silicates, phosphates (e.g., apatite) and alumina tes, 
and transition metals or rare-earth metals to be doped into the 
matrix material . 

IS On the other, few phosphors are knoOTi that use matrix 

material of nitride or oxide nitride with transition metals or 
rare- earth metals doped thereto. 

Known nitride phosphor are manganese activated aluminum 
nitride (prior art 1, described later) , and rare-earth element 

20 activated magnesium silicon nitride (MgSi£92) (prior art 5, 
described later) . Recently reported are red phosphor of Mg 
doped ZnSiWa with strained wurtzite type structure (prior art 

6, described later) , red phosphor of Eu doped CaSi£l2 (prior art 

7, described later) and phosphor of Bu doped BaaSisNa. 

25 Known oxide nitride phosphor are phosphor with 0 -sialon. 

matrix material (prior art 2, described later) . Ce doped oxide 
nitride (Y-Al-O-N) with silicate mineral or apatite structure 
(prior art 8, described later) . Bai-xEuxAlnOisM with i3 -alumina 
structure (prior arts 9 and 10. described later). Also, 
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recently reported is phosphor ^ith oxynitride glass roatri^s 
material (prior arts 3 and 4, described later) . 

By the way, white LED (light emitting diode) is used in 
a field requiring reliability such as disaster prevention light 
5 and traffic light, a field requiring light weight and small size 
such as in- vehicle light and LCD backlight and a field requiring 
visibility such as station guide plate. The emission color of 
white LEO, i.e., white, is obtained by mixing lights with 
different emission colors, Kaxnely, blue light generated from 
10 inGaM system blue LED with emission wavelength of 450 to 550 
nm is mixed with yellow light generated from phosphor. 

Such a white LED frequently uses, as phosphor, Ce doped 
YAG system oxide represented by: (Y, GdjaCAl, Ga)sOia. This 
phosphor is coated on the surface of blue LED and radiates white 
15 light based on the principle described above. 

Prior art 1: German patent No. 789, 890 

Prior art 2: Japanese patent application laid-open Ho. 

60-206889 

Prior art 3: Japanese patent application laid-open Wo. 
20 2001-214162 

Prior art 4: Japanese patent application laid-open Wo. 

2002-76434 

Prior art 5: "Izv. Akad. Nauk SSSH, Heorg. Master'' 17 (8) , 

1431-5 

2S Prior art 6: T. Endo et al., '^High pressure synthesis of 

periodic compound and its optical and electrical properties". 
In T. T suruta, M. Doyama and Seno (Editors) , New Functionality 
Materials, Volume C, Elsevier * Amsterdam, The Metherlands, 
pp. 107-112 (1993) 
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Prior arc 7: s. S. Lee t al , , -'Photoliunineseeaee and 
Electroluminescence characteristic of CaSiMgiEu". Proc. 
SPIE-Int, Soc, Opt. Eng., 3241. 7S-83 (1997) 

Prior art 8: J. H. van Krevel et al . , "Long wavelength 
5 Ce^* exniseion in Y-Si-O-N materials'', J. Alloys and Compounds, 
268. 272-277 (1998) 

Prior art 9: H. Hintzen et al . , "On the Exeitence of 
EuropiuRi Aluminum Oxynitrides with a Magnetopolumlite or J3 
-Alumina- Tsnpe structure", J- Solid State Chem», 142, 48-SO 
10 (1999) 

Prior art 10: S. R. Jansen et al , , "Bu-Doped Barium 
Aluminum Oxynitride with /3 -Alumina -Type Structure as New 
Blue-Emicting Phosphor", J- Electrocher. Soc, 146, 800-806 
(1999) 

15 However, in the conventional light ©mitting apparatus, 

which is composed of blue LED and YAGrCe, its emission light 
have weak red component . Therefore, it lacks in color rendering 
property as to red color. 

Also, oxide system phosphors generally have a problem 

20 that the spectrum intensity lowers significantly when the 
excitation wavelength exceeds 400 nsi. Therefore, in white LED 
that YAG system oxide phosphor is coated on the surface of InGaW 
system blue LED, the excitation energy of YAG system oxide 
phosphor does not coincide with the excitation energy of blue 

25 LED light source, and therefore the excitation energy cannot 
be efficiently converted. Thus, it is difficult to enhance the 
brightness of white LED. 

SUmARY OF THE IHVSHTXOS? 
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It is an object of the invention to provide light emitting 
apparatus and light emitting method that can improve the color 
rendering property as to red color. 

It is another object of the invention to provide light 
S emitting apparatus and light emitting method that can enhance 
the brightness of v^hita LED, 

According to the invention, a light emitting apparatus 
comprises: 

a light emitting element with an emission wavelength in 
10 the range of 360 to 550 nm; and 

a rare-dearth element doped oxide nitride phosphor ; 

wherein part of light radiated from the light emitting 
element is wavelength- converted by the phosphor. 

According to another aspect of the invention^ a light 
15 emitting apparatus comprises: 

a light emitting element with an emission wavelength in 
the range of 3 SO to 550 nm; and 

a cerium ion doped lanthanum silicon nitride phosphor; 

wherein part of light radiated from the light emitting 
20 element is wavelength-converted by the phosphor. 

According to another aspect of the invention, a light 
emitting method for a light emitting apparatus that comprises 
a light emitting element with an emission wavelength in the 
range of 360 to 550 nm and a rare -earth element doped oxide 
25 nitride phosphor, wherein part of light radiated from the light 
emitting element is wavelength- converted by the phosphor, and 
the light emiccing apparatus radiates light generated by a 
mixture of wavelength- converted light and the other part of 
light radiated from the light emitting element, comprises the 
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step of: 

turning on intermittently the light emitting element. 
According to another aspect of the invention, a light 
esiitting method for a light emitting apparatus that comprises 
5 a light emitting element with an emission wavelength in the 
range of 3 60 to 550 nm and a cerium ion doped lanthanum silicon 
nitride phosphor, wherein part of light radiated from the light 
emitting element is wavelength- converted by the phosphor, and 
the light emitting apparatus radiates light: generated by a 
10 mixture of wavelength-converted light and the other part of 
light radiated from the light emitting element, comprises the 
step of: 

turning on intermittently the light emitting element. 

15 BRIEF DESCRIPTION OF THB DRAWI£?6S 

The preferred embodiments according to the invention will 
be explained beloipf referring to the drawings, wherein: 

FiG.l is an illustration showing a lamp type (or shell 
type) LED as a light emitting apparatus in a first preferred 
20 embodiment according to the invention; 

FIG. 2 is a cross sectional view showing LED 10 used in 
the light emitting apparatus 1; 

PIG- 3 is a cross sectional view showing a light emitting 
element 100 with a reflection layer formed just under a light 
25 emitting layer; 

FIG, 4 is a cross sectional view showing a light emitting 
element 101 with a reflection layer formed on the surface of 
substrate with no semiconductor layer formed thereon; 

FIG . S is a diagram showing the chemical composition range 
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of mixture a -sialon phosphor (range sandwiched by ttsro 
triangles indicated by oblictue lines) and the chemical 
composition range of entire povrder; 

PIGS.6A and SB are circuit diagreons showing rectifier 
5 circuits used in the first embodiment; 

PIG,7A is a cross sectional view showing the light 
emitting element 10 with phosphor layer formed on the bottom 
surface of light emitting element 10; 

FI6.7B is a cross sectional view showing the light 
10 emitting element 10 with phosphor layer formed on the bottom 
surface and side wall of light emitting element 10; 

FIG.e is an illustration showing LED 1 with planar type 
Zener light emitting element; 

PIG,9A is an enlarged cross sectional view showing the 
15 light emitting element 60 with phosphor layer formed on the top 
surface of light emitting element 60; 

FIG, 93 is an enlarged cross sectional vie^ showing the 
light emitting element 60 with phosphor layer formed on the to 
surface and side wall of light emitting element 60; 
20 PIG. 10 is a cross sectional view showing a chip- type LSD 

as a light emitting apparatus in a second preferred embodiment 
according to the invention; 

FIG. 11 is a cross sectional view showing another 
chip-type LBD 3 as a light emitting apparatus in the second 
25 preferred embodiment according to the invention; 

PIG- 12 is a cross sectional vie^^ showing another 
chip-type LED 4 as a light emitting apparatus in the second 
preferred embodiment according to the invention; 

PIG. 13 is a cross sectional view showing another 
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chip-type LBD 5 as a light emitting apparatus in the second 
preferred embodiment according to the invention; 

FI0.14 is a cross eectional view showing a 
ref lection-type LBD 6 as a light emitting apparatus in a third 
5 preferred embodiment according to the invention ; 

PIG.15A is a side view showing a planar light eource 7 
as a light emitting apparatus in a fourth preferred embodiment 
according to the invention; 

PIG.ISB is a top view (from phosphor layer side) showing 
10 the planar light source 7 in PIG. ISA; 

PIG- 16 is an illustration showing LBD 115 used in the 
planar light source 7 shown in FIG. ISA; 

PIG.17A is a side view showing a planar light source B 
as a light emitting apparatus in a fifth preferred embodiment 
IS according to the invention; 

PIG-17B is a top view (from phosphor layer side) showing 
the planar light source 8 in FIG.17B; 

FIG. 18 is a side view showing a planar light source 9 using 
color conversion filter 130 as a light emitting apparatus in 
20 a sixth preferred embodiment according to the invention; 

FIG. 19 is an illustration showing a cap-type LBD 140 as 
a light emitting apparatus in a seventh preferred embodiment 
according to the invention; 

PIG. 20 is an illustration showing a bulb-type light 
25 source 150 as a light emitting apparatus in an eighth preferred 
embodiment according to the invention; 

FIG, 21 is an illustration showing a fluorescent light 
type light source 160 as a light emitting apparatus in the eighth 
preferred embodiment according to the invention; 
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FIG. 22 is an illustration showing a cathode^ray tube type 
light source 170 as a light emitting apparatus in the eighth 
preferred embodiment according to the invention; 

PIG-23 is an illustration showing a projector type light 
5 source 180 as a light emitting apparatus in the eighth preferred 
embodiment according to the invention; 

FIG. 24 is a perspective view showing a lighting apparatus 
190 in Che eighth preferred embodiment according to the 
invention; 

10 FI6.25A is a front view showing a display 200 in the eighth 

preferred embodiment according to the invention; 

FIG.25B is a cross sectional view cut along the line A-A 
in FIG.25A; 

FIG. 26 is a cross sectional view showing a modification 
15 of the display 200 cut along the line A-A in F10.25A; 

FIG - 27 is an enlarged partial front view showing a display 
210 using LED 1 in a ninth preferred embodiment according to 
the invention; 

FIG. 28 is a block diagram showing a displaying circuit 
2 0 used in the display 210; 

FIG. 2 9 is a front view showing a vehicle traffic light 
300 using the chip- type LED 2 in a tenth preferred embodiment 
according to the invention; 

FIG. 30 is a spectrum diagram showing excitation spectra 
25 of Eu^* ion doped Ca a -sialon phosphors tl) to [71 with different 
doping ratios; 

FIG. 31 is a spectrum diagram showing emission spectra of 

Eu^Vion doped Ca a -sialon phosphors with different doping 
ratios; 



2003$11fl29B nm HIRATA&PARTNERS 

10 



NO. 6429 P. 14/33 



FIGS;32A and 32B are spectrum diagrams showing excitation 
speccrum and emisBion spectrum, respectively^ of Pr^* ion doped 
Ca-Of-sialon phosphor; 

FI05 . 33A and 33B are spectrum diagrams showing excitacion 
5 spectrum and emission spectrxim. respectively, of Tb^* ion doped 
Ca-a-sialon phosphor; 

FIGS . 34A and 34B are spectrum diagrams showing excitation 
spectrum and emission spectrum, respectively, of Eu^* and Dy^* 
ion co-doped Ca-a-eialon phosphor; 
10 FIGS. 35A and 3 5B are spectrum diagrams shoving excitation 

spectrum and emission spectrum, respectively, of Eu^* ion doped 
Y-a-sialon phosphor; 

P16.36 is a spectrum diagram showing (a) excitation 
spectrum and (b) emission spectrum, respectively, of Yh^^-a 
15 -sialon phosphor; 

FIG. 37 is a spectrum diagram shoving (a) edccitation 
spectrum and (b) emission spectrum, respeccively, of Er'*-CK 
« sialon phosphor; 

PIG, 38 is a spectrum diagram showing excitation spectra 
20 in Example 2-1 (full line (1) ) and Example 2-2 (broken line (2) ) 
of mixed OJ -sialon phosphor; 

FIG » 39 is a spectrum diagram showing emission spectra in 
Example 2-1 (full line (1)) and Example 2-2 (broken line (2)) 
of mixed a • sialon phosphor; 
25 FIG. 40 is a graph showing temperature profile in rf 

induction heater; 

FIG. 41 is a table showing the composition (molar ratio) 
of Samples A to N, Ca- a -sialon :Eu^" phosphors; 

FIG,42 is a table showing atom% of Samples A to N, Ca- 
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QJ -sialon:Eii^* phosphors; 

PIGS. 43 to S2 are spectrum diagrams showing 
excitation/emission spectra, which are classified into five, 
in Saotples A to N, Ca- a -sialon : Eu** phosphors; 
5 FIG. 53 is a spectrum diagram showing excitation spectra 

of Samples A to J; 

FIG. 54 is a spectrum diagram showing emission spectra of 
Samples A to J; 

PIG. 55A is a spectrum diagram showing excitation spectrum 
10 of Lao.7SiaN5:0.3Ce; 

FIG.55B is a spectrum diagram showing emission spectrum 
of Lao.7Si3Ns:0.3C6; 

PIG, 56 is a graph showing blue emission intensity, which 
belongs to transition of "^Ta ( SdM -^''Fs/^ (4f ^ (at 440 nm) in Ce^* 
15 ion. depending on the ratio of Ce^* ion doped in solid solution 
replacement to La^* site of LaSigNs; and 

FIG. 57 is a spectrum diagram showing cathode luminescence 
spectra obtained by excitation with electron beam of 5 keV 
acceleration voltage in synthesized samples, Lai-xSiaNs :xCe 
20 (x=0.6, 0.5. 0,4. 0.3. 0.2 and 0.1). 

DBT^XLSD DESCRIPTIOH OF THE PRSFERRSD S^0DI£SSHT6 
[First Hmbodiment] 

PIG-1 is an illustration showing a lamp type (or shell 
25 type) liED as a light emitting apparatus in the first preferred 
embodiment according to the invention. 

As shown in FIG.l, the lamp type LED l is composed of: 
lead frames 30, 31; a light emitting element 10 that is mounted 
through adhesive 20 on a cup portion 33 of the lead frame 30; 
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boding wires 40, 41 that connect bet^^een the lead frames 30, 
31 and n-electrode, p- electrode of light emitting element 10 ; 
epoxy resin 35 (hereinafter referred to as phosphor resin) , 
t^hich contains phosphor 36 dispersed uniformly, filled in the 
5 cup portion 33; and sealing resin 50 of epoKy resin that seals 
the light emitting element 10, part of lead frames 30, 31 and 
bonding wires 40, 41. The LED 1 emits white series light and 
can be applied to, for example, a planar light source and a linear 
light source in combination with a light guiding member and 

10 further applied to various display devices. 

The light emitting element 10 and phosphor 36, which are 
feature factors of the invention, are detailed below. 

The light emitting element 10 used has an emission 
wavelength of 3 60 nm to 550 nro. Such emission light can be 

15 obtained by exciting the phosphor 36 in high efficiency. In 
selecting emission wavelength of light emitting element 10, the 
excitation peak and emitted light color of phosphor 36 and the 
color of light emitted from the entire light emitting apparatus 
are considered. For example, in order to obtain white series 

20 emitted light, it is preferable that a light emitting element 
with an emission wavelength of 4S0 nm to 550 nm is used, and 
it is further preferable that a light emitting element with an 
emission wavelength of 450 nm to 550 nm is used. By using a 
light emitting element with different emission wavelength 

25 (emitted light color) , the color of light radiated from the 
light emitting apparatus l can be varied. 

The material of light emitting element 10 is not limited. 
It is preferable that the light emitting element is of III group 
nitride system compound semiconductor. The III group nitride 
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system compound semiconductor is represenced by a general 
formula: AlxGaylni-x-yN (O^X^l, O^Y^l, O^X+Y^l) , and it 
includes a tvo-element system such as AlN. 6aN and InN and a 
three-element system such as AlxGax-xN, AlxlSii-xN and GaxIni.xN 
5 (thus far, all 0<X<1) . Part of III system element can be 
replaced by boron (B) , tellurium (Te) and part of nitrogen (N) 
can be replaced by phosphorus (P) , arsenic (As) , antimony (Sb) , 
bismuth (Bi) etc. It is preferable that the element function 
portion of light emitting element 10 is composed of two-element 

10 system or three-element system III group nitride system 
compound semiconductor. 

The III group nitride system compound semiconductor may 
include arbitrary dopant. For example, n-type impurity may be 
Si, Ge, Se, Te, G etc, and p-type impurity may be Mg, Zn, Be, 

15 ca, Sr, Baetc. After doping p-type impurity. III group nitride 
syetero compound semiconductor may be subjected to electron beam 
radiation, plasma radiation or furnace annealing. 

The III group nitride system compound semiconductor may 
be grown by using MOCVD. MBE, hvpe, sputtering, ion plating, 

20 electron shoi^er etc. 

The material of a substrate on which the III group nitride 
system compound semiconductor is grown is not specifically 
limited if the substrate can be suitable to grow the III group 
nitride system compound semiconductor. For example, the 

25 substrate material may be sapphire, spinel, silicon, silicon 
carbide, zinc oxide, gallium phosphate, gallium arsenate, 
magnesium oxide ^ manganese oxide. III group nitride system 
compound semiconductor single crystal etc. Especially, 
sapphire substrate is preferable. Furthermore, a- face of 
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sapphire substrate is more preferable. Meanisjhile. in addition 
to the light emitting element, a light emitting element not 
to excite phosphor 36. described later, may be used. O^hereby, 
the eroifieion color of light emitting apparatus 1 can be changed 
5 or adjusted. 

PIG^2 is a cross sectional vieinr showing LED 10 used in 
the light emitting apparatus l. 

The emission wavelength of light emitting element 10 is 
about 4S0 nm, and the details of layers are as follows. 

10 Layers Composition Dopant 

p-type layer 15 p-GaN(0.3 fim) Mg 

light emitting layer 14 supper- lattice structure 

quantum well layer ino.isGao.ggN (3 , 5 nm) 

barrier layer GaN(3.5 nm) 

15 repetition number of 

quantum well and barrier layers 1 to 10 
n-type layer 13 n-GaN(4 fim) si 

buffer layer 12 AlNdO nm) 

substrate 11 sapphire (3 00 Mm) 

20 The buffer layer 12 is used to grow a high-quality 

semiconductor layer and is formed on the substrate 11 by MOCVD, 
In this embodiment AIN buffer layer is used, but not limited 
to that. Instead, GaN, inW (two-element system). Ill group 
nitride system compound semiconductor represented by: AlxGayK 

25 (0<x<l. 0<y<l, x*y«i) (three -element system), and III group 
'nitride system compound semiconductor represented by- 
AlaGsblni-^^.bN (0<a<l, 0Cb<l, a+b^l) (four-element system) may 
be used. 

The semiconductor layers are grown by using the known 
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method, MOCVD. in this methods ammonia gas and ill group 
element-alkyl compound gas, e.g., trlmethylgalllum (THG) , 
trimethylaluminum (TMA) and/or triroethylindium (TMI) are 
supplied on the substrate being heated at a given temperature, 
5 conducting a thermal decomposition reaction, thereby grot^ing 
desired crystal on the buffer layer 12. Of course, the method 
of semiconductor layers is not limited that, and che other known 
method, MBE may be used. 

The n-cladding layer 13 may be a two-layer structure of 

10 a lower electron density n- layer on the light emitting layer 
14 side and a higher electron density n+ layer on the buffer 
layer 12 side. The latter is called n-type contact layer. The 
light emitting layer 14 is not limited to supper-lattice 
Structure, and may be structured as single hetero type, double 

15 hetero type or homo junction type. Alternatively, it may be 
structured as MIS junction or PIN junction. 

Between the light emitting layer 14 and the p-type layer 
15, there may exit wide bandgap AlxGaYlni-x^yN (O^X^l, O^Y^ 
1, X+Y^l) wich an acceptor such as Mg doped thereto. This is 

20 used for preventing electron injected in the light emitting 
layer 14 from diffusing into the p-type layer IS. 

The p-type layer 15 may be a two-layer structure of a lower 
hole density p- layer on the light emitting layer 14 side and 
a higher hole density p-i- layer on p electrode 18 layer 12 side. 

25 The latter is called p-type contact layer - 

An n-electrode 19 is composed of two layers of Al and V, 
and it is formed such that, after forming the p-type layer 15, 
part of the p-type layer 15, light emitting layer 14 and n-type 
layer 13 is removed by etching, and then the two layers are 
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deposited on the n-cype layer 13. 

A transparent electrode 17 is thin film including Au. and 
it covers substantially the entire surface of p-type layer 15. 
Also, a p-electrode 18 is also of a material including Au and 
5 is formed on the transparent electrode 17. After forming the 
semiconductor layers and electrodes, each chip is separated. 
Furthermore, a reflection layer may be provided between 
the light emitting layer 14 and the substrate 11 or on the surface 
of substrate with no semiconductor layer formed thereon. With 

10 such a reflection layer, emitted light advancing from the light 
emitting layer 14 toward the substrate 11 side can be 
effectively reflected in the direction of light extraction 
surface. As a result, the emission efficiency can be enhanced, 
FIG. 3 ia a cross sectional view showing a light emitting 

15 element 100 with a reflection layer formed just under the light 
emitting layer- PIG. 4 is a cross sectional view showing a light 
emitting element 101 inith a reflection layer formed on the 
surface of substrate with no semiconductor layer formed thereon 
Like components are indicated by same numerals used in FIG.2- 

20 As shown in FI0.3, the light emitting element 100 is 

provided with the reflection layer 25 formed just under the 
light emitting layer 14- As shown in FIG. 4, the light emitting 
element 101 is provided with the reflection layer 26 formed on 
the surface of substrate with no semiconductor layer formed 

25 thereon. The reflection layer 25 is of metal nitride. It is 
preferably of one or more arbitrarily selected from titanium 
nitride, zirconium nitride and tantalum nitride. The 
reflection layer 26 is also of metal nitride . It may be of metal 
of Al, In, Cu, Ag, Pt, Ir. Pd, Rh, W, Mo, Ti, Ni etc. or an alloy 
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of tvo or more arbitrarily selected from these metals. 

The light emitting element 10 is mounted through the 
adhesive 20 on the cup portion 33 of lead frame 30 . The adhesive 
20 is Ag paste that Ag is mixed as filler into epoxy resin. With 
5 this Ag paste, the radiation of heat generated from the light 
emitting element 10 can be enhanced. Instead of Ag paste, the 
other known adhesivee may be used. 

The cup portion 33 is filled with the epoxy resin 35 in 
vrhich phosphor 36 is dispersed uniformly. After ^ire-boding, 

10 the cup portion 3 3 maybe filled with the epoxy resin 35 including 
phosphor 36, Alternatively, before mounting the light 
emitting element 10 on the cup portion 33, a layer including 
phosphor 3 6 may be formed on the surface of light emiccing 
element 10. For example, the light emitting element 10 is 

IS dipped into epoxy resin including phosphor 36 to form a phosphor 
resin layer on the light emitting element 10, and then the light 
emitting element 10 is mounted on the cup portion 33 using Ag 
paste. The phosphor resin layer may be formed by sputtering, 
coating, or painting, other than the dipping. 

20 The phosphor 36 is explained below. The phosphor 36 of 

the invention is of rare-earth element doped oxide nitride 
phosphor or cerium ion doped lanthanum silicon nitride 
phosphor. 

Herein rare -earth element doped oxide nitride means a 
25 crystalline material, not including a glass material such as 
oxynitride glass. However, it may include a small amount of 
glass phase. 

Also, cerium ion doped lanthanum silicon nitride means 
a crystalline material, not including a glass material- 
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Firsc and second phosphors ae a preferred example of 
rare-earth element doped oxide nitride phoephor, and a third 
phosphor as a preferred example of cerium ion doped lanthanum 
silicon nitride phosphor are explained below. 
5 At first, the first and second phosphors as a preferred 

example of rare-earth element doped oxide nitride phosphor are 
described below. 

The first phosphor is single-phase a -sialon phosphor 
that is represented by: MexSii2-(m.ii)Al(„.n)OaMi5.n:RelyRe22. Part 

10 or all of metal (Me) (Me is one or more of Li, Ca, Mg, IT and 
lanthanide metals except for La and Ce) dissolved into the a 
-sialon is replaced by lanthanide metal (Rel) (Rel is one or 
more of Ce, Pr, Eu, Tb, Yb and Er) as luminescence center or 
lanthanide metal (Rel) and lanthanide metal (Re2) {Re2 is Dy) 

15 co-activator. 

In this case« Me is preferably one or more of Ca. Y and 
lanthanide metals except for La and Ce, and it is further 
preferably Ca or Nd- The lanthanide metal (Rel) used for 
replacing is preferably Ce, Eu or Yb, and it is further 

20 preferably Ce or Eu. 

In case of using two kinds of metals for replacing, for 
example, a combination of Eu and Br is preferable. In case of 
using three kinds of metals for replacing, for example, a 
combination of Eu, Er and Yb is preferable. 

25 Also, the metal (Me) may be replaced by lanthanide metal 

Rel and lanthanide metal Re2 as co-activator. The lanthanide 
metal Re2 is dysprosium (Dy) . in this case, the lanthanide 
metal Rel is preferably Eu. 

Meanwhile, if part or all of metal (Me) replaced by one 
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or more of ce, Pr, Bu, Tb/ Yb and Er (lanthanide metal (Rel) ) , 
or one or more of Ce, Pr, Eu, Tb, Yb and Er (lanthanide metal 
(Me) (Rel)} and Dy (lanthanide metal (Re2)) , then the metal is 
not necessarily added and may be replaced by further preferable 
5 one, 

A-sialon (QJ-sialon) has a higher nitrogen content than 
oxynicride glaes and is represented by: MxSiia.((n*n) Al (^R+rtjOnNie-n 
where x is a value obtained dividing (m) by a valence of metal 
(M) . Heanwhile, oxynltride glass is. as described in prior art 

10 3. such a phosphor that serves to shift the position of 
excitation/emission peak of conventional oxide system 
phosphors to the longer wavelength side by replacing oxygen atom 
surrounding the rare-metal element as luminescence center by 
nitrogen atom to relax the influence of surrounding atoms to 

15 electron of rare-metal element, and that has an excitation 
spectrum extending until visible region (^500 jtxm) . 

Also, in the single-phase a-slalon phosphor, the metal 
(Me) is disBolved in the range of, at the minimum^ one per three 
unit cells of a-sialon including four mass weights of (Si, 

20 Al>3(N,0)a to, at the maximum, one per one unit cell thereof. 
The solid solubility limit is generally, in case of bivalent 
metal (Me), 0-6<m<3.0 and 0^n<l,5 in the above formula and^ 
in case of trivalent metal (Me), 0.9<m<4.5 and G^n<l,5. It 
is estimated that, in a region except for those regions, 

25 single-phase Qf-sialon phosphor is not obtained. Therefore, 
the regions defined above are preferable. 

The interionic distance of lanthanide metal Rel as 
luminescence center to replace part or all of metal (Me) and 
to serve as activator is about 5 angstroms at the minimum. It 
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is eignificantly greater than 3 to 4 angstroms in phosphor knovn 
thus far. Therefore, it can prevent a significant reduction 
in emission intensity due to concentration quenching generated 
when a high concentration of lanthanide metal as luminescence 
5 center ie included in matrix material. 

Further, in the single-phase a -sialon phosphor i the 
metal (Me) is replaced by lanthanide metal (Re2) as co-activator 
as well as lanthanide metal (Rel) as luminescence center, it 
is assumed that lanthanide metal (Re2) has two co-activation 

10 effects. One is sensitizer function and the other is to nevly 
generate a carrier trap level to develop or improve the long 
persistence or to improve the thermal luminescence. Since the 
lanthanide metal Re2 is co-activator, it is suitable that the 
replacement amount thereof is generally 0.0^s<0.1 in the 

15 earlier formula. 

As described earlier, the single-phase a -sialon 
phosphor has a - sialon as a matrix material, and is essentially 
different in composition and crystal structure from a phosphor 
having 3 -sialon as matrix material. 

20 Namely, /3 -sialon is represented by: Sig^zAlgOaNe-z 

(0<z<4.2) , and it is solid solution of 3 -type silicon nitride 
where part of S± sites is replaced by Al and part of K sites 
is replaced by O. 

In contrast, a -sialon is represented by: 

25 MexSii2,(m4n)Al(ffi*ft)OnMi6.n, and it is solid solution of a -type 
silicon nitride, where part of Si-W bonds is replaced by Al-N 
bond and a specific metal (Me) (Me is one or more of Li, Ca, 
Hg« Y and lanthanide metals except for La and Ce) invades between 
lattices and is dissolved therein. 



j 
I 
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Thus, both are different in state of solid solution and, 
therefore, the jS-sialon has a high oscygen content and the a 
-sialon has a high nitrogen content. So, if a phosphor is 
synthesized using j8-sialon as matrix material and adding one 
5 or more of rare -earth ojtides of Ce, Pr, Eu, Tb, Yb and Er as 
luminescence center, ic becomes a mixed material that has a 
compound including a rare-earth metal between jS -sialon 
particles since the iS-sialon does not dissolve metal. 

In contrast, if a-sialon is used as matrix material, the 

10 metal (Me) (Me is one or more of Li, Ca, Mg, Y and lanthanide 
metals except for La and Ce) is taken and dissolved in the crystal 
structure and the metal (Me) is replaced by rare-earth metal, 
Ce, Pr, Eu, Tb, Yb and Br as luminescence center. Therefore, 
the oxide nitride phosphor composed of single-phase a-sialon 

15 structure can be obtained. 

Accordingly, the composition and crystal structure of 
phosphor drastically changes by whether to use jS -sialon or a 
-sialon as matrix material. This is reflected in emission 
characteristics of phosphor. 

20 In case of using /3 -sialon as matrix material, for example, 

a phosphor that is synthesized adding Er oxide to ^-sialon as 
described in embodiments 3 3 to 35 of Japanese patent application 
laid-open No. 60-206889 radiates a blue luminescent light 
(410-440 nm) . In Qs -sialon, as described later, rare-earth 

25 element doped oxide nitride phosphor radiates orange to red 
light (570-590 nm) due to the activation of Br, Viewing from 
this phenomenon, ic is assumed that Er is taken in the crystal 
structure of a -sialon and, thereby, Br is influenced by 
nitrogen atom composing the crystal and, therefore, the 
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elongation of light source wavelength, which is very difficult 
to realize in phosphor with oxide as matrix material, can be 
easily generated. 

In case of using a -sialon as matrix material, the 
5 rare-earth element doped oxide nitride phosphor also has the 
advantages of matrix material, Oi-sialon. Namely, OJ-sialon 
has excellent thermal and mechanical properties and can prevent 
the thermal relaxation phenomenon that causes a loss in 
excitation energy. Therefore, in the rare-earth element doped 
10 oxide nitride phosphor, a ratio of reduction in emission 
intensity according to rise of temperature becomes small . Thus, 
the temperature range available can be broadened as compared 
to the conventional phofiphor. 

Furthermore, Qi -sialon has an excellent chemical 
15 stability. Therefore, the phosphor has an excellent heat 
resistance. The rare -earth element doped oxide nitride 
phosphor can be excited by ultraviolet rays to X-rays further 
electron beam, according to o/fSS ratio in its composition, 
selection of lanthanide metal Rel to replace metal (fise) , and 
20 existence of lanthanide metal Re2 as co-activator. 

JEspeclally, of rare-earth element doped oxide nitride 
phosphor, inMe3tSi9.7sAl2.2sOo.7sNi5.25:RelyRe22(m«l.S, n-0.7S), one 
chat satisfies 0.3<x*y<0.75 and 0-01<y+z<0.7 (where y>0.01, 
O.0^z<0-1) or 0.3<x+y+z<1.5, 0.01<y<0.7 and 0.0^z<0,l, and 
25 metal (Me) is Ca offers an excellent emission characteristic 
and can have great potential in applications not only as 
ultraviolet-visible light excitation phosphor but also as 
electron beam excitation phosphor. 

Thus, the rare-earth element doped oxide nitride phosphor 
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is especially effective in making vhice LED and is a suitable 
phosphor for InGaN system blue LED as lighc source. 

Next, the second phosphor to be used as phosphor 36 will 
be explained that is a rare-earth element doped oxide nitride 
5 phosphor that contains a *sialon as main component: (hereinafter 
referred to as mixture Of-sialon phosphor) . it is composed of 
a-sialon, which dissolves a rare-earth element allowing an 
increase in brightness of a whice LED using blue LED chip as 
light source, i3-sialon, and unreacted silicon nitride. 

10 Aa the result of researching a composition with high 

emission efficiency, a mixture material with a property equal 
to single-phase Q^-sialon phosphor is found that is composed 
of a-sialon chat part of Ca site in a-sialon stabilised by Ca 
is replaced by one or more of rare- earth mecal (M) (where M is 

15 Ce, Pr, Bu, Tb, Yb or Er) , i3 -sialon and unreacted silicon 
nitride. It can offer high brightness white LED. 

M is preferably Ce. Bu or Yb and further preferably Ce 

or Eu. 

The mixture a -sialon phosphor can be produced adding 
20 less rare-earth element than the single-phase a --sialon 
phosphor » Thus, the material cost can be reduced » 

Further, since the mixture a -sialon phosphor also has 
CK -sialon as matrix material like the single-phase a -sialon 
phosphor, it can have che advantages of matrix material a 
25 - sialon, i.e., good chemical . mechanical and thermal properties . 
Thus, it offers a stable and long- lifetime phosphor material. 
Due to these properties, it can suppress thermal relaxation 
phenomenon causing a loss in excitation energy. Therefore, in 
a -sialon with dissolved rare-earth element as well as Ca in 
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this embodiment, a ratio of reduction in emission intensity 
according to rise of temperature becomes small. Thus, the 
temperature range available can be broadened as compared to the 
conventional phosphor. 

5 Furthermore, the mixture a -sialon phosphor can be 

excited by ultraviolet rays to X-rays further electron beam, 
according to O/H ratio in its composition and selection of 
metal (M) . 

The mixture Oe - sialon phosphor « as a solution to the 

10 problem described earlier, offers a material that has an 
emission property equal to the single-phase 05 -sialon phosphor 
even when reducing the amount of rare -earth metal added, in 
order to stabilise the a -sialon structure, it is necessary to 
dissolve more than a certain amount of element « when amounts 

IS of Ca and trivalent metal dissolved are given x and y, 
respectively, a value o£ (x+y) is needed to be greater than 0.3 
in thermodynamic equilibrium. 

The mixture 05 -sialon phosphor includes an organ %rith & 
-sialon and unreacted silicon nitride remained other than 

20 single-phase a - sialon phosphor because of less addition amount 
and not reaching the thermodynamic equilibrium. 

The amount of added metal in the mixture a -sialon 
phosphor is in the range of 0 . 0S< (x-t-yXO . 3 , 0.02<x<0.27 and 
0.03<y<0.3 in chemical composition of povrder. If the amount 

25 of added metal is less than the lower limit, the amount of 05 
-sialon lowers and the emission intensity lowers . If the amount 
of added metal is greater than the upper limit, only a -sialon 
remains. Therefore, the object of high brightness can be 
completed. In the range defined above, the mixture a -sialon 
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phosphor can be obcalned that Is composed of: ae-sialon o£ 40 
weight% or more and 90 weight% or less; 0 -sialon of 5 weights 
or more and 40 welght% or less; and unreacted silicon nitride 
of 5 weights or more and 30 weights or less. The reason ^hy 
5 Che emission intensity is high even with the unreacted silicon 
nitride included is that a -sialon epitaxially gro^s on 
unreacted silicon nitride and its surface portion mainly 
responds to excitation light to offer an emission property 
substantially eqnial to only oe -sialon. 

10 The range is preferably 0.15< (x+y)<0,3, 0.10<x<0.2S and 

0«05<y<0,15. In this range, the mixture cr - sialon phosphor can 
be obtained that is composed of: a - sialon of 50 weights or more 
and 90 weights or less; ^3 -sialon of 5 weighed or more and 30 
weight% or less; and unreacted silicon nitride of 5 weights or 

15 more and 20 weights or less. 

The mixture a -sialon phosphor is obtained by heating 
Si3N4-M203-CaO-AlN-Ala03 system mixed powder at 1650 to 1900 *C 
in inert gas atmosphere to get a sintered body, then powdering 
it . Since CaO is so instable that it easily reacts with moisture 

20 vapor in the air, it is generally obtained by adding in the form 
of calcium carbonate or calcium hydroxide, then making it CaO 
in the process of heating at high temperature. 

The chemical composition of mixture a -sialon phosphor 
can be defined using the composition range of M-Q£ -sialon, Ca- 

25 a -sialon and 0 -sialon. ijamely, in the range of three 
composition lines of SiaN^-a (M2O3 • 9A1N) , Si3N4-b (CaO-3AlN) and 
Si3N4-c (AIN' AlaOa) , it is defined 4xl0*^<a<4xl0"^ , 8xl0"^<b<8xl0"^ 
and 10'^<e<8xl0"^. 

FIG. 5 is a diagram showing the chemical composition range 
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of mixture Of -sialon phosphor (range sandwiched by cwo 
triangles indicated by oblique lines) and the chemical 
composition range o£ entire ponder. 

As shown in FI6.5, the chemical composition range of 
5 mixture a - sialon phosphor is that sandwiched by two triangles 
indicated by oblique lines in a triangular pyramid composition 
range with a peak of silicon nitride. The amount of metal 
dissolved in a-sialon exactly produced is (x+y) >0.3, which is 
an amount needed to stabilize the structure of a -sialon as 

10 described earlier. In a composition range with less addition 
amount than this, the mixture Q?- sialon phosphor is composed 
of 0{ -sialon with composition of (x^y)>0.3, /3 -sialon with 
rare-earth metal not dissolved and unreacted silicon nitride. 
In general, a small amount of glass phase (less than 5%) is 

IS further included. 

In the mixture CL -sialon phosphor, ct -sialon is generated 
on the surface of particle even when having less amount of 
rare-earth metal added and therefore being not composed only 
of Ct -sialon. Therefore, it offers an excellent emission 

20 characteristic and can have great potential in applications not 
only as ultraviolet -visible light excitation phosphor but also 
as electron beam excitation phosphor. Thus, the mixture CL 
-sialon phosphor that is a composite sintered body including 
Ca- or -sialon with rare-earth metal dissolved simultaneously is 

25 effective in developing white LED. 

Wext, the third phosphor to be used as phosphor 36 will 
be explained that is a cerium ion doped lanthanum silicon 
nitride phosphor. 

The third phosphor is represented by: LaL^cSisNsixCe 
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(doping amount x is 0<x<l) , where lanthanum site is replaced 
in solid dissolution by cerium ion activator. If the doping 
amount is 0.1<x<0.5, it is ultraviolet light excitation 
phosphor and, if the doping amount is 0.0<x<0.2, it is electron 
5 beam excitation phosphor. 

Lanthanum silicon nitride (LaSi^Bas) has an excellent 
thermal stability and serves to suppress the thermal relaxation 
phenomenon in the process of phosphor emission* Therefore, a 
loss in excitation energy can be reduced and a ratio of reduction 

XO in emission intensity according to rise of temperature becomes 
small . Thus, in the cerium ion doped lanthanum silicon nitride 
phosphor, the temperature range available can be broadened as 
compared to the conventional phosphor. Also, the lanthanum 
silicon nitride (LaSiaNs) has excellent chemical stability and 

IS light resistance. 

The cerium ion doped lanthaniim silicon nitride phosphor 
satisfies a blue chromaticity value and has excellent thermal 
stability* mechanical property and chemical stability. 
Therefore, it can have great potential in applications for 

20 fluorescent character display tube (VFD) , field emission 
display (FSD) etc. that may be used in severe environment. 

The cerium ion doped lanthanum silicon nitride phosphor 
is. as described later, synthesized using e.g. reaction 
sintering furnace on the conditions of 1800 to 2200 , under 

25 nitrogen pressure at 5 to 20 and 1 to 10 hours, preferably of 
1850 to 1950 V', under nitrogen pressure at 5 to 10 atm and 1 
to 2 hours « 

The phosphor 36 is prepared as powder or sintered body, 
where the sintered body is to be crushed to powder. This is 
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niisced wich plasties or glass ecc. and chereby. various 
complicated shapes can be formed. So, It has a high degree of 
freedom in shape < For example* it may be formed into a plate, 
%jhlch Includes a flat plate, combined flat plates, plate with 
5 at least one curved face« plate with at least one uneven and/or 
curved face, cap -shaped, box- shaped etc* 

When it is made to be powder or particles, the average 
particle diameter is preferably 20 y m or less, further 
preferably 10 Mm or lees and most preferably 5 or less. 

10 By reducing the particle diameter of phosphor, light generated 
from light emitting element can be efficiently absorbed and 
wave 1 eng th conve r t ed . 

It is preferred that the powder or particles of phosphor 
is dispersed in a light transmitting material. Namely, it is 

15 preferably used as phosphor layer. The light transmitting 
material is epoxy resin, silicon resin^ urea resin, glass etc» 
These materials may be used individually or as a mixture of 
arbitrarily selected two or more thereof - 

According to use object, use conditions etc., the 

20 concentration of phosphor in light transmitting material can 
be changed. For exetmple, the amount of phosphor may be changed 
continuously or stepwise according to nearing to the light 
emitting element . In this case, the phosphor concentration may 
be increased at part close to the light emitting element. 

25 Thereby, light generated from the light emitting element can 
be efficiently radiated toward the phosphor. On the contrary, 
the phosphor is likely subjected to heat generated from the 
light emitting element and the degradation of phosphor may occur . 
On the other hand, when the phosphor concentration is reduced 
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according to nearing to the light emitting element. Che 
degradation of phosphor due to heat generated £roni the light 
emitting element can be prevented. 

The light trananiitting material layer including phosphor 
5 is disposed in the light extraction direction of light emitting 
element. It is preferably formed so as to cover the light 
extraction direction of light emitting element. Between this 
layer and the light emitting elements a layer of another light 
transmitting material or a space may be provided. 

10 The composite material of phosphor dispersed in plastics 

or glass can, by Itself, compose a phosphor layer by forming 
into a desired shape. When it is formed into a plate, the amount 
of emission light wavelength- converted by phosphor can be 
controlled by the thickness of plate. Thus, by using the 

15 composite material of phosphor dispersed in plastics or glass, 
the mixed light of light emitted from light emitting element 
and light radiated from phosphor can be easily adjusted with 
high precision. 

Further* since the phosphor has a persistence 

20 characteristic, light color of the light emitting apparatus can 
be controlled thereby. Namely, by turning on intermittently 
the light emitting element, light emitted from light emitting 
element and light radiated from phosphor can taken out in time 
division. Thereby, the light color of light emitting apparatus 

25 obtained by mixing light emitted from light emitting element 
and light radiated from phosphor can be adjusted. Especially 
when a blue light emitting element is used, the color tone of 
white light radiated from the light emitting apparatus can be 
delicately adjusted by controlling the turn-on time. m 
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turning on incermittently the light emitting element, for 
example, the light emitting element can be driven with pulsed 
current « For example^ with full -wave rectifier or half -wave 
rectifier, the light emitting element can be driven by using 
S directly AC current, 

Phosphor 36 of the embodiment is positioned to be radiated 
from light emitting element and radiates light. Namely, part 
of light emitted from the light emitting element is 
wave length -convex ted by the phosphor. Thereby, light with a 

XO different wavelength (emission color) from that of the light 
emitting element is generated. The wave length -convex ted light 
is mixed with light not wavelength- converted by phosphor. 
Therefore, the entire light emitting apparatus offers light 
with different color from that of the light emitting element, 

15 Neanwhile, the emission color can be changed by controlling the 
composition of phosphor. Thereby, the emission color of the 
entire light emitting apparatus can be adjusted. 

In this embodiment phosphor 36 is, as shown in FIG.l, 
dispersed in epoxy resin. However, the base material to be 

20 dispersed of phosphor 3 6 is not limited to epoxy resin and may 
be the other transparent material such as silicon resin, urea 
resin and glass. Although in chis embodiment phosphor 36 is 
uniformly dispersed in the phosphor resin 35 « the concencracion 
distribution of phosphor 3 6 in the phosphor resin 3 5 may be in 

25 a gradient. For example, a plurality of phosphor resin layers 
with different concentrations of phosphor 36 may be formed in 
the cup portion 33 by using epoxy resin with different 
concentrations of phosphor 36. Further, the concentration of 
phosphor 36 can be changed continuously. 
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Phosphor resin 35 may include a dispersion agent such as 
ticaniuzn oxide, titanium nitiride, tantalum nitride, aluminum 
oxide^ silicon oxide and barium titanate. When sealing resin 
50 includes phosphor 36, the phosphor resin 3S can be omitted. 
5 Namely, the cup portion 33 is also filled with sealing resin 
50 including phosphor 36- Also in this case, the concentration 
distribution of phosphor 36 in the sealing resin 50 may be in 
a gradient . 

The p- electrode 18 and n* electrode 19 of light emitting 
10 element 10 are wire-bonded through the wires 40 and 41 to the 
lead frames 30 and 31, respectively. Thereafter, the light 
emitting element 10, part of lead frames 30, 31, and wires 40, 
41 are sealed by sealing resin 50 composed of epoxy resin. The 
material of sealing resin 50 is noc limited to epoxy resin, if 
15 it is transparent^ and may be preferably silicon resin« urea 
resin or glass. Considering adhesion, refractive index etc. 
in case that the sealing resin 50 contacts the phosphor resin 
35. it is preferably of the same material as the phosphor resin 
35. 

20 Although the sealing resin 50 is provided to protect the 

device structure, the shape of sealing resin 5 0 may be changed 
to allow the sealing resin 50 to have lens effect according to 
use object. For example, it is formed into concave lens type, 
convex lens type etc. other than the lamp type shown in PIQ.l. 

25 Further, the shape of sealing resin 50 viewed from the direction 
of light extraction (from above in PIG» 1) may be formed circular, 
elliptic or rectangular. Phosphor 36 may be also dispersed in 
the sealing resin 50 regardless of the previous case that the 
phosphor resin 3 5 is omitted. 
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The sealing resin 50 may include a dispersion agent . Wich 
the dispersion agent, the directional characteristics of light 
emitted from the light emitting element 10 can be weakened. The 
diffusion agent may be titanium oxide « titanium nitride « 
5 tantalum nitride^ aluminum oxide^ silicon oxide, barium 
titanate etc. 

Furthermore* the sealing resin 50 may include a coloring 
agent. The coloring agent is used to prevent phosphor from 
showing a proper color in turning on or off the light emitting 

10 elemenc 10. In addition, when light of light emitting element 
10 includes many wavelengths in ultraviolet region, the 
lifetime of sealing resin 50 can be elongated by adding an 
Ultraviolet ray absorption agent to the sealing resin 50. 
Meanwhile^ the sealing resin 50 may arbitrary include one or 

15 more of phosphor 36, diffusion agent, coloring agent and 
ultraviolet ray absorption agent. 

LBP 1 thus composed allows part of blue light emitted from 
the light emitting element XO to be wavelength- converted by 
phosphor 36. Light thus wavelength- converted is mixed with 

20 part of blue light from the light emitting element 10, then 
radiated to outside. h3 a result, LED 1 can offer white light. 

FIGS.6A and 6B are circuit diagrams showing rectifier 
circuits used in the first embodiment. LED 1 can be driven with 
pulsed current. Thereby, light from light emitting element 10 

25 and light from phosphor 36 are taken out in time division and 
therefore the emission color of LED 1 can be adjusted, AC 
current can be supplied to LED 1 by using the full -wave rectifier 
circuit in FIG.6A or the half -wave rectifier circuit in FXG.6B. 
In addition to the light emitting element 10 1 the other 
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light emitting element may be used. The other light emitting 
element may be a light emitting element with different emission 
wavelength from that of light emitting element 10. A light 
emitting element is preferred that has an emission wavelength 
5 allowing phosphor 36 not to be esccited or not to radiate light • 
With such light emitting element provided, the emission color 
Of LED 1 can be changed or adjusted- Further, with a plurality 
of light emitting elements 10, the brightness can be enhanced. 
FZG.7A is a cross sectional view showing the light 

10 emitting element 10 with phosphor layer formed on the bottom 
surface of light emitting element 10, PI6.7B is a cross 
sectional view showing the light emitting element 10 with 
phosphor layer formed on the bottom surface and side wall of 
light emitting element 10, 

15 As shown in PIGS.7A and 7B, the light emitting element 

10 may be provided with the phosphor layer 37 to cover the bottom 
surface of and/or sidewall of light emitting element 10. In 
this case, the phosphor resin 35 can be omitted. In PIG.7B, 
light radiated from the side wall of light emitting element 10 

20 is wavelength- converted by phosphor 36, 

The phosphor layer 37 may be a light transmitting material 
(e.g., epoxy resin, silicon resin, urea resin, glass) with 
phosphor 36 dispersed therein . In this case, the phosphor layer 
37 can be formed by e.g., dipping the substrate side of light 

25 emitting element 10 into the light transmitting material . Also, 
it may be formed by sputtering, coating or painting of light 
transmitting material with phosphor 36 dispersed therein. 

The phosphor layer 37 may be formed into a plate using 
a composite material of glass and rare-earth element doped oxide 
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nitride phosphor or cerium ion doped lanthanum silicon nitride 
. phosphor (hereinafter referred to as phosphor glass) . 

The structure in PIG.7A is produced as follows. In the 
process of making the light emitting element 10, semiconductor 
5 layers are formed on the substrate, the phosphor glass plate 
is bonded to the back surface of substrate, and then each chip 
is separaced. Alternatively, a substrate may be used that has 
the phosphor glass previously bonded to its opposite surface 
to that on which semiconductor layers are grown. Furthermore. 
10 after making the light emitting element 10, the phosphor glass 
plate with a given size may be bonded to the bottom surface of 
light emitting element 10. 

The structure in PIG.7B is produced as follows. For 
example, a phosphor glass with a given shape is prepared. Then, 
lb the light emitting element 10 is fitted in the phosphor glass 
to provide the phosphor layer 37. In this case, the phosphor 
glass can be bonded to the light emitting element 10 by using 
adhesive. 

Pica is an illustration showing LED 1 with planar type 
20 Zener light emitting element. P1G.9A is an enlarged cross 
sectional view showing the light emitting element 60 with 
phosphor layer formed on the top surface of light emitting 
element 60 FIG, 9B is an enlarged cross sectional view showing 
the light emitting element 60 with phosphor layer formed on the 
25 surface and side wall of light emitting element 60. 

As shown in FX0.8, LED 1 may use the planar type Zener 
light emitting element. The light emitting element 60 is 
structured such that, removing the electrodes 17, 18 and 19 from 
the light emitting element 10 in PIG. 2, the light emitting 
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element is flip-chip mounted on a silicon substrate 70. The 
p-type OaN contact layer 15 of light emitting element 60 is 
connected through a metal electrode layer 71 to p-type region 
of silicon substrate 70. 
5 The material of metal electrode layer 71 is e.g. , Au alloy 

but not limited to that if it offers ohmie contact between the 
silicon subEtrate 70 and p-GaN contact layer 15. The n-type 
GaN contact layer 13 of light emitting element 60 is connected 
through a metal electrode layer 72 to n-type region of silicon 

10 substrate 70. The material of metal electrode layer 72 is e.g. « 
Al alloy but not limited to that if it offers ohmic contact 
between the silicon substrate 70 and n-GaN contact layer 13 » 
The p-type region of silicon substrate 70 is connected through 
the ^ire 41 to the lead frame 31. 

15 In the case of using the planar type Zener light emitting 

element, the cup portion 33 may be filled with phosphor resin 

35 with phosphor 36 dispersed therein. Like the case of light 
emitting element 10, the sealing resin 50 may include phosphor 

36 while omitting the phosphor resin 35 in the cup portion 33. 
20 Further, as shown in and 9B, the light emitting 

element 60 may be provided with, the phosphor layer 38 to cover 
the top surface of and/or sidewall of light emitting element 
60. In FIG-9B, light radiated from the side wall of light 
emitting element 60 is wavelength-converted by phosphor 36. 
25 The phosphor layer 38 in FIGS . 9A and 9B can be formed by using 
the same material as the phosphor layer 37 in like manner. 

As described above, when the phosphor is dispersed in the 
light transmitting material layer such that light from the light 
emitting element passes through that layer, light from the light 
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emitting eleinenc and light from the phosphor are automatically 
mixed in that layer. However, the form of mixing both lights 
i& not limited to this. For example, phosphor may be 
islands -shaped disposed around the light emitting element. 
5 Part of light from the light emitting element passes through 
betisreen the phosphor islands and can be mixed ^ith light from 
phosphor in the sealing resin. Alcernacively , che phosphor may 
be disposed out of the optical axis of light emitting element 
while converging light from the phosphor in the direction of 

10 optical axis by using a reflector etc. Thereby, light from the 
light emitting elemenc and light from the phosphor can be mixed. 
[Second Embodiment] 

PIG. 10 is a cross sectional view showing a chip-type LED 
as a light emitting apparatus in the second preferred embodiment 

15 according to the invention. Like components are indicated by 
same numerals used in lamp- type LED l of the first embodiment. 

LED 2 shown in FIG.IO also emits white light like the 
lamp- type LED 1 and can be applied co, for example, a planar 
light source and a linear light source in combination with a 

2 0 light guiding member, and further applied to various display 
devices . 

The light emitting element 10 is mounted on a substrate 
80 through Ag paste etc. Electrodes (not shown) of light 
emitting element 10 are connected through wires 40, 41 to 
25 electrodes 80, 81 provided on the substrate 80. 90 is a 
reflection plate disposed around the light emitting element and 
the surface thereof is mirrored. 

The cup portion formed by the substrate 80 and reflection 
plate 90 is filled with sealing resin 85. The light emitting 
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element 10 and wires ^0, 41 are sealed t^ith the sealing resin 
85. The sealing resin 85 is of phosphor resin that phosphor 
36 is uniformly dispersed in transparent material such as epoxy 
resin, silicon resin and urea resin. The sealing resin 85 is 
5 formed by e.g. . potting, printing etc. In LED 2 thus structured, 
part of light from the light emitting element 10 is absorbed 
and wavelength- converted by phosphor 36 when it passes through 
the sealing resin 85 . Light thus wavelength-converted is mixed 
with light transmitted through the sealing resin 85 without 

10 being absorbed by phosphor 36, and white light is thereby 
obtained from the entire LED 2. 

FIG. 11 is a cross sectional view shovjing another 
chip- type LED 3 as a light emitting apparatus in the second 
preferred embodiment according to the invention, 

15 Although in FIG.IO the sealing resin 85 of phosphor resin 

is embedded in the cup portion formed the substrate 80 and 
reflection plate 90, another structure shown in FIG. 11 may be 
employed that a layer 39 (phosphor layer) of phosphor resin is 
formed on the surface of light emitting element 10 and cup 

20 portion and light transmitting resin 86 is embedded thereon. 

For example, after mounting the light emitting element 
10 on the substrate 80, the phosphor layer 39 is formed by vapor 
deposition, sputtering, coating, painting etc. The light 
transmitting resin layer 86 is formed by the same method as 

25 sealing resin 85. With such a structure, the amount of light 
wavelength- converted by the phosphor 36 of light emitted from 
the light emitting element 10 can be controlled by changing the 
thickness of phosphor layer 3 9 and the emission color of LED 
3 can be thereby adjusted. Also, the phosphor layer 3 9 can be 
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covered vich light transmitting reein layer 86 to protect it. 

Like LED 1 in the first enibodiment , the sealing resin 65 
of LED 2 in PIG. 10 and the phosphor layer 39 and light 
transmitting resin layer 86 in PIG. 11 may include one or more 
5 of diffusion agent, coloring agent and ultraviolet ray 
absorption agent, 

PIG » 12 is a cross sectional viev showing another 
chip- type LED 4 as a light emitting apparatus in the second 
preferred embodiment according to the invention. Like 
10 components are indicated by same numerals used in LBD 2 in 
FIG. 10. 

As shown in FIG . 12 , the reflection plate 90 may be removed 
from LED 2 in PIG. 10. Sealing resin 87 of LED 4 is of epoxy 
resin with phosphor 3 6 dispersed therein, and it may be formed 
15 by molding after mounting the light emitting element 10 on the 
substrate 80. 

FIG. 13 is a cross sectional viev showing another 
chip- type LBD 5 as a light emitting apparatus in the second 
preferred embodiment according to the invention. 
2 0 As shown in PIG. 13. the reflection plate 90 may be removed 

from LED 3 in PIG. 11. Phosphor layer 88 may be formed like the 
phosphor layer 39 of LED 3, and light transmitting resin layer 
89 may be formed like the light transmitting resin layer 86 of 
LED 3 . 

25 in the chip-type LED's 2 to 5, the planar type Zener light 

emitting element 60 may be employed that has the phosphor layer 
38 formed on the surface of substrate as shown in FIGS . 9A and 
9B. In this case, for LED's 2 and 4« the phosphor 36 in sealing 
resin 85, 87 may be omitted and. for LED's 3 and 5, the phosphor 
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layer 39, 88 may be omitted. 
[Third Embodiment] 

FIG. 14 l8 a cross sectional view showing a 
reflection- type LED 6 as a light emitting apparatus in the third 
5 preferred embodiment according to the • invention. Like 
components are indicated by same numerals used in the lamp- type 
LED 1 of the first embodiment. 

As shown in PIG. 14, the reflection- type LED 6 has a 
reflection mirror 110 on concave surface 111 of which phosphor 

10 layer 112 is formed. The phosphor layer 112 is of epoxy resin 
including phosphor 36 and is formed by coating. It may be of 
1 ighc transmitting material such as silicon resin and urea resin, 
other than epoxy resin and may be formed by vapor deposition, 
printing etc., other than coating. The phosphor layer may be 

15 formed on convex surface 113 of the reflection mirror 110. In 
this case, the reflection mirror 110 is formed using a light 
transmitting material and the surface of phosphor layer is 
mirrored. The mirroring is conducted forming a layer of metal 
with high reflection efficiency by vapor deposition, plating 

20 etc. 

In LED 6 thus structured, part of light from the light 
emitting element 10 is absorbed and wavelength- converted by 
phosphor 36 in phosphor layer 112 when it is reflected on the 
reflection mirror 110. Light thus wave length -converted is 
25 mixed with light reflected without being wavelength-converted, 
and white light is thereby obtained from the entire LED 6. In 
LED 6, instead of forming the phosphor layer 112, the light 
emitting element 10 and reflection mirror 110 maybe sealed with 
a light transmitting material including phosphor. 
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Alcernat:ively, LED 6 may use a phosphor glass with a shape of 
reflection mirror. In this case, convex surface of the 
reflection mirror is mirrored. The method of mirroring is the 
same as described above. Furthermore* a light emitting element 
5 may be employed that has a phosphor layer as shown in FIG. 7 A, 
7B, 9A or 9B . In this case, the phosphor layer 112 on the surface 
of reflection mirror can be omitted. 
[Fourth Bmbodimenc] 

FIG.15A is a side view showing a planar light source 7 
10 as a light emitting apparatus in the fourth preferred embodiment 
according to the invention. FIG.15B is a top view (from 
phosphor layer side) showing the planar light source 7 in 
FIG. 15A. 

The planar light source 7 can be used as a LCD backlight 
15 for personal computer, cellular phone, PDA etc. The planar 
light source 7 is composed of a plurality of LED's 115, a light 
guiding place 120 and phosphor layer 121. 

PIG. 16 is an illustration showing LED 115 used in the 
planar light source 7 shown in PXG,15A. 
20 LED 115 emits blue system light and is structured such 

that the light emitting element 10 of the first embodiment is 
mounted on the lead frame and is sealed with epoxy resin of a 
given shape. The structure of light emitting element 10 is the 
same as described in the first embodiment. 
25 As shown in FIG. ISA, LED 115 is disposed facing a light 

introducing surface 123 of the light guiding plate 120. The 
number of LED's 115 used is not limited to that shown in FIG*15B. 
Although in this embodiment the lamp- type LED 115 is used, 
another type (e.g., chip type) of LED may be used. Further. 
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the type of light emitting element is not limited to that shot^n 
in PIG. 16. For example, a plana.r type Zener light emitting 
element can be used. 

The light guiding plate 120 of light transmitting 
5 material is provided with the light introducing surface 123 and 
light emitting surface 125. Although in this embodiment the 
light transmitting material ia methacrylic resin, the other 
light transmitting material such as polycarbonate may be used. 
The light guiding plate 120 may include a light diffusion agent. 

10 It is preferred that surfaces except for the light introducing 
surface 123 and light emitting surface 125 are covered with 
reflection film or layer to prevent a light leakage from the 
light guiding plate 120. The surfaces except for the light 
introducing surface 123 and light emitting surface 125 may be 

15 roughened to have a reflective surface. 

The roughening is conducted by etching, sandblast, 
electric discharge machining etc- In stead of roughening, the 
reflection layer may be formed by white printing or white tape 
bonding. It is preferred that the reflection layer has a low 

20 density region near LED 115 and its density increases 
continuously or stepwise according as departing from LED 115. 
Thereby, at a far region from LED 115, high efficiency 
reflection and diffusion of light can be offered. As a result, 
emission light is made to radiate uniformly from the entire 

25 light emitting surface 125, regardless of the distance from LED 
115 . 

Although in this embodiment one side is used as the light 
introducing surface 123, a plurality of light introducing 
surfaces maybe provided. Namely, LED's 115 are disposed facing 
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the plurality of light introducing surfaces to introduce light 
from there. With euch a structure, the amount of planar light 
radiated can be increased. Also« light can be radiated from 
the light emitting surface with a wider area. Further « the 
5 amount of light radiated can be uniformed over the entire light 
emitting surface. 

The phosphor layer 121 is of epoxy resin with phosphor 
36 and light diffusion agenc dispersed therein. It is formed 
on the light emitting surface 125 of light guiding plate 120. 

10 It may be of methacrylic resin, polycarbonate resin etc» other 
than epoxy resin. The light diffusion agent may be titanium 
oxide, titanium nitride, tantalum nitride, aluminum oxide, 
silicon oxide, barium titanate etc. 

Although in this embodiment the phosphor layer 121 is 

15 formed directly on the light emitting surface 125, a space or 
transparent material layer may be provided between che light 
emitting surface 125 and phosphor layer 121. The light guiding 
plate 120 and/or phosphor layer 121 may include a coloring agent 
for color correction. Further, like phosphor layer 121, the 

20 light guiding plate 120 may include a light diffusion agent such 
as titanium oxide, titanium nitride, tantalum nitride, aluminum 
oxide, silicon oxide, barium cicanace etc. 

In the planar light source 7 thus structured, blue light 
emitted from LED 115 is introduced from the light introducing 

25 surface 123 into the light guiding plate 120. Then, light 
advancing through tbe ligKc guiding plate 120 and is radiated 
from the light emitting surface 125. Part of radiated light 
is absorbed and wavelength-converted by phosphor 36 in the 
phosphor layer 121. Light thus wavelength-converted is mixed 
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with blue lighc not wavelength- converted by phosphor 36 and 
white system planar lighc is radiated from the phosphor layer 
121. Since the phosphor layer 121 includes dispersed lighc 
diffusion agent, the mixing of light in phosphor layer 121 can 
5 be promoted to uniform the distribution of light. 

Instead of phosphor layer 121, a phosphor plate may be 
used that includes rare-earth element doped oxide nitride 
phosphor or cerium ion doped lanthanum silicon nitride phosphor, 
d^escribed earlier. Namely, plate- shaped phosphor glass is 

10 disposed on the light guiding plate 120. The phosphor glass 
may be bonded through light transmitting adhesive to the light 
guiding plate 120. A light transmitting sheet (e.g. , PET film) 
may be disposed between them. 

Further, the phosphor layer 121 can be omitted when 

IS phosphor is dispersed in the light guiding plate 120. Also, 
the phosphor layer 121 can be omitted when plate- shaped phosphor 
glass is used instead of the light guiding plate 120. 

By using another LED with a different wavelength from that 
of LBD 115 « white light with dif ferent color tone can be radiated. 

20 Together with LED 115, another LED with a different wavelength 
can be used. By controlling the turn-on and turn-off of these 
LEiD's, correction and adjustment of emission color can be 
performed. Thus, the planar light source can radiate light with 
various colors. 

25 [Fifth Embodiment] 

FXG.17A is a side view showing a planar light source 8 
as a light emitting apparatus in the fifth preferred embodiment 
according to the invention. FIG,17B is a top view (from 
phosphor layer side) showing the planar light source 8 in 
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FIG.17B. Like components are indicated by same numerals used 
in FIGS. ISA and 15B. 

The planar light source 6 has phosphor layer 127 provided 
between LED IIS and the light introducing surface 123 of light 
5 guiding plate 120. The phosphor layer 127 has the same 
composition as the phosphor layer 121 of planar light source 
7. Like the planar light source 7. a space or transparent 
material layer may be provided between the phosphor layer 127 
and the light introducing surface 123 of light guiding plate 
10 120. 

In the planar light source 8. part of blue light radiated 
from LED 115 is absorbed and wavelength -converted by phosphor 
36 in the phosphor layer 127- Light thus wavelength-converted 
is mixed with light not wavelength- converted by phosphor^ and 

15 then it is introduced from light introducing surface 123 into 
the light guiding plate 120. Light advancing through the light 
guiding plate 120 is finally radiated from the light emitting 
surface 125 to the outside as white system planar light. 
Meanwhile, the mixing of light is also conducted in the light 

20 guiding plate 120. 
[Sixth Bmbodiment] 

FIG. 18 is a side view showing a planar light source 9 using 
color conversion filter 13 0 as a light emitting apparatus in 
the sixth preferred embodiment according to the invention. 

25 The planar light source 9 uses the color conversion filter 

130, which is composed of a color conversion sheet 135 and a 
light guiding layer 137. The color conversion sheet 135 is 
composed of a transparent sheet 132 of light transmitting resin 
provided on the light guiding layer 137 and a phosphor layer 
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131 formed on the transparent sheet 132, 

The phosphor layer 131 is of transparent base material, 
such as Gpoxy resin, silicon resin and urea resin, with phosphor 
36 dispersed therein- The transparent sheet 132 is of PET. It 
5 is preferred that the phosphor layer 131 has fine uneven 
profiles on its surface. They serve to familiarize the surface 
of color conversion sheet 13 S (surface of phosphor layer 131) 
with glass etc. provided on the color conversion 135 . Thereby, 
the occurrence of blur at the interface can be prevented. Also, 

10 it is preferred that fine uneven profiles are provided at the 
bonding surface of transparent sheet 132 to the light guiding 
layer 137. Thus, by avoiding tight contact between the color 
conversion sheet 135 and light guiding layer 137, the occurrence 
of blur at the interface can be prevented. 

15 The light guiding layer 137 is of epoxy resin. It may 

be of another transparent resin such as silicon resin. The 
light guiding layer 137 has a reflection film 139 on its lower 
surface. Thereby, light leakage from the lower surface of light 
guiding layer 137 can be prevented. The material of reflection 

20 layer 139 is not limited to this. It is preferred that like 
reflection layers are provided at side faces except for a face 
facing LED 115. Thereby, light leakage from the side faces can 
be prevented. The reflection layer 139 may be omitted, 

LBD 115 is placed facing the side face of color conversion 

25 filter 130. LED 115 may be placed facing the lower surface of 
color conversion filter 130. In tshis case, the reflection 
layer 13 9 is not provided on the loti^er surface of light guiding 
layer 137. 

The light radiation mode of planar light source 9 thus 
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structured is aa follows. Light from LED 115 is introduced 
through the side face of light guiding layer 137 and is taken 
out from the surface of color conversion sheet 135. Part of 
light thus transmitted is wavelength- converted by phosphor 36 
S when it passes through the phosphor layer 131. Light thus 
wavelength- converted is mixed with light not 
wavelength-converted by phoephor 36, white light is radiated 
from the entire surface of color conversion sheet 135. 

By using another led with a different wavelength from that 

10 of LED 115, white light with different color tone can be radiated. 
Together with LED llS, another LED with a different wavelength 
can be used. By controlling the turn-on and turn-off of these 
LED's, correction and adjustment of emission color can be 
performed. Thus, the planar light source can radiate light with 

15 various colors. 

[Seventh Embodiment] 

FI6.19 is an illustration showing a cap-type LED 140 as 
a light emitting apparatus in the seventh preferred embodiment 
according to the invention. 

20 LED 140 has a cap 145 that is of light transmitting resin 

with phosphor 3 6 dispersed therein and is formed on the surface 
of sealing resin 50 in LED IIS of the fourth embodiment. The 
cap 145 is previously formed the light transmitting resin 
including phosphor 36 into a cap shape, and then it is mounted 

25 on the sealing resin 50. Alternatively, it may be formed on 
the sealing resin 50 by molding after forming the sealing resin 
50. Although in this embodiment the cap 145 is of epoxy resin, 
it may be of thermosetting resin such as urea resin, 
thermoplastic resin such as polyethylene etc. The cap 145 may 
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include a diffusion agent such as titanium oscide, titanium 
nitride, tantalum nicride, aluminum oxide, silicon oxide and 
barium titanate. 

In LED 140 thus structured, part of light radiated from 
S light emitting element 10 is absorbed and i^avelength-converted 
by phosphor 36 in the cap 145. Light thus wavelength- converted 
is mixed with light not wavelength-converted by phosphor 36 and 
is finally radiated from the surface of cap 145 to the outside 
as white system planar light. 

10 [Eighth Embodiment] 

FIG. 20 is an illustration showing a bulb- type light 
source 150 as a light emitting apparatus in the eighth preferred 
embodiment according to the invention. 

The light source 150 is composed of light emitting element 

X5 10, phosphor glass ISl and casing 152. The light emitting 
element 10 is supplied with current through the casing 152 , The 
phosphor glass 151, which is of rare-earth element doped oxide 
nitride phosphor or cerium ion doped lanthanum silicon nitride 
phosphor, is shaped nearly a hollow globe. 

20 In the light source 150 thus structured, part of light 

radiated from light emitting element 10 is absorbed and 
wavelength- converted by phosphor in the phosphor glass 151. 
Light thus wavelength- converted is mixed with light not 
wavelength- converted by phosphor and is finally radiated from 

25 the surface of phosphor glass 151 to the outside as white system 
planar light. The phosphor glass may include a coloring agent 
and/or light diffusion agent » 

PIG. 21 is an illustration showing a fluorescent light 
type light source 160 as a light emitting apparatus in the eighth 
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preferred embodiment according to the invention. 

The light source 160 is composed o£ a plurality of 
chip- type LED' s 161, tubular phosphor glass 163 and casings 165. 
Each LED 161 is mounted on a substrate 164 and is supplied with 
S current through the casings 165. The phosphor glass 163 is the 
same as the phosphor glass 151 estcept for its shape. 

In the light source 160 thus structured, part of light 
radiated £rom LBD's 161 is absorbed and wavelength- converted 
by phosphor in the phosphor glass 163, Light thus 
10 wavelength- converted is mixed with light not 
wavelength- converted by phosphor and is finally radiaced from 
the surface of phosphor glass 163 co the outside as white system 
planar, light . 

LED 161 can emit light with an emission wavelength in the 
15 range of 360 zo 550 nm. For example, by using LED 161 with a 
emission wavelength of 480 nm, white light can be obcained. A 
lamp -type LED 1 may be used instead of LED 161. Furthermore, 
together with LED 161 » another LED may be used that allows 
phosphor not to be exciced. 
20 FIG. 22 is an illustration showing a cathode-ray tube type 

light source 17 0 as a light emitting apparatus in the eighth 
preferred embodiment according to the invention. 

The light source 170 is composed of light emitting element 
10, phosphor plate 171 and casing 172 which is of light 
25 non- transmitting material. The phosphor plate 171 is made by 
forming phosphor glass, which includes rare-earth element doped 
oicide nitride phosphor or cerium ion doped lanthanum silicon 
nitride phosphor, into plate shape. 

In the light source 170 thus structured, part of light 
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radiaced from the light amlcclng element 10 is absoirbed and 
wavelength- converted by phosphor in the phosphor plate 171. 
Light thus wavelength -converted is mixed with light not 
wavelength- converted by phoephor and ia finally radiated from 
5 the surface of phosphor plate 171 to the outside as white system 
planar light. 

FIG. 23 is an illustration showing a projector type light 
source 180 as a light emitting apparatus in the eighth preferred 
embodiment according to the invention. 

10 The light source 180 is composed of LED 115 and reflection 

plate 181. The reflection plate 181 is disposed at a given 
inclination angle to the optical axis of LED 115. in this 
embodiment, the reflection plate 181 is of phosphor glass which 
includes rare- earth element doped oxide nitride phosphor or 

15 cerium ion doped lanthanum silicon nitride phosphor. 
Alternatively, the reflection plate 181 may be of light 
transmitting material (e.g.« acrylic resin) and a layer 
including rare -earth element doped oxide nitride phosphor or 
cerium ion doped lanthanum silicon nitride phosphor may be 

20 formed on the surface of reflection plate 181 to face LED 115- 
One surface 182 of reflection plate 181 is mirrored. The 
mirroring is conducted forming a layer of metal with high 
reflection efficiency by vapor deposition, plating etc. 

In the light source 180 thus structured, part of light 

25 radiated from LED 115 is reflected on the reflection surface 
182 of reflection plate 181 in a given direction. At that time, 
part of incident light co the reflection place 181 is absorbed 
and wave length -converted by phosphor in the reflection plate 
181. Light thus wavelength- converted is mixed with light not 
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wavelength- converted by phosphor and i© finally radiated from 
light emitting surface 183 of reflection plate 181 to the 
outside as white system planar light. 

FIG. 24 is a perspective vievr showing a lighting apparatus 
S 190 in the eighth preferred embodiment according to the 
invention. 

The lighting apparatus 190 is composed of light emitting 
portion 191, grip 192 and LED (not shown) built in the grip 192 . 
The light emitting portion 191 is made forming acrylic resin 

10 with phosphor 36 dispersed therein into a tubular shape. The 
built-in LED is composed of red LED and blue LED, which are 
connected to control circuit and power source (not shown) . 

When the red LED turns on, its light is directly radiated 
from the surface of light emitting portion 191. Namely, the 

15 light emitting portion emits red light. On the other, when the 
blue LED turns on« pare of light emitted is wavelength-converted 
by phosphor 36 in the light emitting portion 191 » Light thus 
wavelength-converted is mixed with light not 
wavelength-converted by phosphor 36 and is finally radiated 

20 from the surface of light emitting portion 191. Namely, the 
light emitting portion emits ^hite light- Accordingly, when 
each LED turns on alternately, it can emit red light and white 
light alternately. 

FIG.25A is a front view showing a display 200 in the eighth 

25 preferred embodiment according to the invention. PIG.25B is 
a cross sectional view cut along the line A- A in PI6,25A. FIG -26 
is a cross sectional view showing a modification of the display 
200 cut along the line A-A in P1G.25A. 

The display 200 is composed of displaying portion 210, 
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LED 22 0 and housing 230. 

The displaying portion 210 is of light transmitting 
material (e,g.i acrylic resin) and has phosphor layer 215 to 
form a given character, figure etc. on its back surface. The 
5 phosphor layer 21S is formed by coating light transmitting 
material with phosphor 3 6 dispersed therein. Alternatively, 
the phosphor layer 215 may be of phosphor glass including 
rare*earth element doped oxide nitride phosphor or cerium ion 
doped lanthanum silicon nitride phosphor. As shown in PIG. 26 « 

10 the phosphor layer 215 may be embedded in the displaying portion 
210. LBD 220 emits blue system light. 

In the display 200, part of light entering the phosphor 
layer 215 is wavelength- converted by phosphor 36 in the phosphor 
layer 215 , Light thus wavelength-converted is mixed with light 

15 not wavelength- converted by phosphor 36 and is radiated from 
displaying surface 211 corresponding to the phosphor layer 215 . 
Namely I the displaying surface 211 corresponding to the 
phosphor layer 215 emits white light. The other region of 
displaying surface 211 allows light from LED 220 (blue) to 

20 directly pass through without being wavelength- converted. 
I^amely, blue light is radiated from there. Thus, a region of 
displaying surface 211 corresponding to a given character^ 
figure etc. is displayed in white, and the other region is 
displayed in blue. 

25 [Ninth Embodiment] 

PIG. 27 is an enlarged partial front view showing a display 
210 using LED 1 in the ninth preferred embodiment according to 
the invention, fig. 28 is a block diagram showing a displaying 
circuit used in the display 210, 
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The display 210 is composed combining white LED 1 
(hereinafter referred to as W-LED) of the first embodiment and 
LED'B of RGB .(red« green and blue) . The display 210 can be 
applied to a full color LED display etc. The display 210 is 
5 provided with displaying portion 211 of nearly rectangular 
shape. The displaying portion 211 includes a plurality of LED 
units 212, arranged in matrix^ each of which is composed of LBD's 
of RGB and W-LED, The arrangement of LED in each LED unit 212 
can be selected arbitrarily. 

10 The displaying method of display 210 is explained below, 

referring to PIG. 28. Image data inputted to input section 220 
is temporarily stored in image data storing means 230, Control 
section 240 includes pattern selection circuit, brightness 
modulation circuit and blinking circuit (not shown) , It 

15 outputs control signal to control the turn-on of LED units 212 
according to image data stored in the image data storing means 
230 . Each LED unit 212 radiates light with brightness and color 
according to that control signal. Thus, display section 250 
can display a desired image with specific brightness and color. 

20 Although in the display 210 each LED unit 212 is composed 

of RGB-LED 's and W-LED, it may be composed of only W-LED. In 
this case, by arranging such LED's 212 in matrix, arbitrary 
image can be displayed using white (W-LED turned on) and black 
(W-LED turned off) . Even in this case, the brightness of each 

25 LED unit can be controlled stepwise. Therefore, it can be 
applied to a monochrome LED display. 
[Tenth Embodiment] 

FIG. 2 9 is a front view showing a vehicle traffic light 
3 00 using the chip- type LED 2 in the tenth preferred embodiment 
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according to the invention. 

The traffic light 3 00 has displaying portion 3 02 in which 
a plurality of chip -type LED's 2 are arranged in matrix. 301 
is housing . h colored tranaparent cover (not shown) is provided 
5 on the surface of displaying portion 302. Each LED 2 turns on 
by control of control means (not shown) to emit white light, 
which is recognized being colored vhen transmitting through the 
colored transparent cover. 

Alternatively, a colorless and transparent cover may be 

10 used to offer a traffic light to emit white light. LED's 2 are 
supplied with current by connecting LED's 2 in parallel or in 
series. In case of connecting in series, LED's 2 may be divided 
into groups in order to supply current to each group. For 
example, each group of LED's is arranged in che form of 

15 concentric circle. Thereby, the entire displaying portion 302 
can form a circular LED display. Each group can be separately 
controlled of its turn-on state. 

By arranging the chip- type LED's 2 in matrix to form a 
light source, the entire displaying porcion can have uniform 

20 brightness. Therefore, as compared to conventional electric 
bulbs, unevennesE In brightness can be prevented. By 
separately controlling the turn-on of each group* different 
portions in brightness can be displayed. The pattern and 
densicy in arrangement of chip- type LED's 2 can be arbitrarily 

25 selected according to use. 
[Examples] 

Examples of phosphor 36 used in the invencion are 
described below- 

Example 1: preparation of single-phase a -sialon 
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phosphor 

Examples (1-1) to (1-2) relace to preparation of 
single-phase a-slalon phosphor, 
<Example (1-1) > 

5 In preparing single-phase a -sialon phosphor, a ball mill 

apparatus (Fliche, planetary mill) is used to mix eight raw 
powders below. The mole ratio of chemical reagents in ra^ 
powder is described below (1) to (6) . 

(1) Ca- a -sialon (Ca0.75Si9.75Al3.35N15.35O0. 75) 

10 silicon nitride (Si3£74) : aluminum nicride (AlN) : calcium 

oxide (CaO)°13r9i3 

(2) Eu- 0! -Bialon (Eu0.5Si9.75Al2.25N15.25O0. 75) 

silicon nitride (Si3N4) : aluminum nitride (AlN) : europium 
oxide (EU2O3) °13 : 9 : 1 

15 (3) Pr-a-slalon (Pr0.fiSi9.7sAl2.25N15.25O0.75) 

silicon nitride (Si3N4) : aluminum nitride (AlN) ; 
praseodymium oxide (PreOn) °30 : 27 : 1 

(4) Tb-a-slalon (Tb0.5Si9.75Al2.25N15.25O0. 75) 

silicon nitride (SiaN^) : aluminum nitride (AlN): terbium 
20 oxide (Tb407) °26 : IB : 1 

(5) Dy-a-sialon (Dyo.5Si9,75Al2.25Ni5,250o.75) 

silicon nitride (SiaN*) : aluminum nitride (AlN) : 
dysprosium oxide (DyjOa) =13 : 9 : 1 

(6) Y-a-sialon (Y0.5Si9.7sAl2.25N15.2sO0. 75) 

25 silicon nitride (Si3N4) ; aluminum nitride (AlN) : ytcrium 

oxide (Y2O3) =13 :9;1 

(7) Yb- a-sialon (Yb0.sSi9.7sAl2.a5N15.25O0. 75) 

silicon nitride (Si^N^) ; aluminum nicride (AlN) : 
ytterbitim oxide (Yb203) °13 : 9 : 1 
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(8) Er- a -sialon (Ero.sSi9.75Ala.2sNis.2sOo. is) 

silicon nitride (SI3N4} : aliuninum nitride (Al») : erbium 
oxide (Br203)"13!9:l 

Then, using the above raw powders (1) and (2) , seven Eu^* 
5 doped Ca a-sialon phosphors with different doping ratios are 
prepared as below [1] to [7] . in preparation, the raw powders 
(1) and (2) are mixed at molar ratios below, then reacted using 
hot pressing apparatus (NisshingiJten-aha, NEV-HP3) at a 
pressure of 20 MPa in nitrogen atmosphere (latm) of 1700*C for 
10 one hour. 

[1] Ca(0%Eu) - oe -sialon phosphor (Cao.75Si9.75Al2.2sNi5,250o.75) 

only Ca- a -sialon(l) is used. 
[2] Ca (SftEu) - Q! -sialon phosphor 
(Cao .75Euo.o5Si9 .75Al2.25W15.2sO0.7s) 
15 ca- a - sialon (1) : eu- a -sialon (2) =95:5 

{3] Ca (io%Eu) - (aj -sialon phosphor 
( Cao . soEUo . loS i 9 . 75 Al 2 . 2sWis . 2s06 . 7 s ) 

Ca- a -sialon (1) : Bu- <K -sialon (2) o90 : 10 
t4j Ca(20%Eu) - a -sialon phosphor 

20 (Ca0.60EUo.1oSi9.75Al2.25N15.2sO0.7s) 

Ca- a -sialon (1) : Eu- a -sialon (2) =80 : 20 
t5J Ca(30%Eu) - Of -sialon phosphor 
( Cao . 63EU0 . isS i 9 . 7sAla . ssNis . 25O0 . 7 5 ) 

Ca- OJ -sialon (1) : Eu- Ql -sialon (2) «70 1 30 
25 [6] Ca(50%Eu) - a-sialon phosphor 
(Cao . aeEuo . 25Si9 .75AI2 . 25N15 ,asOo , 75 ) 

Ca- a-sialon(l) ; Eu- OJ -sialon (2) °50 ; 50 
[7] Ca(7 0%Eu) - 01 -sialon phosphor 
(CaD.23Eu0.35Si9.75Al2.25N1s.25O0.75) 
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Ca- a -sialon(l) : Eu- a-fiialon(2) =3 0 :70 

PIG. 3 0 is a Bpectrim diagram showing excit:ation spectra 

of Eu^* ion doped Ca a -sialon phosphors [1] to [7] with different 
doping ratios . 

5 As shown, it is found that any excitation spectra have 

broad peaks at 280 and 400-450. In the two peaks, the peak 
intensity increases according to increase in doping ratio until 
reaching Eu^" doping ratio of 50%. When doping ratio exceeds 
50%, the peak intensity lowers due to concentration quenching- 
10 However, it is still higher than doping ratio of 30%. 

Of the two peaks found in the spectra, peak of 280 nzn 
belongs to excitation peak of Ca-a-sialon, matrix material, 
and peak of 400-450 nm belongs to charge transfer absorption 
band of Eu- (N or O) , The latter Eu- (N or O) charge transfer 
15 absorption band peak shifts to longer wavelength side according 
to increase in Eu^* doping ratio. Therefore, it can be excited 
by emission light (450 to 550 nm) of InGaN system blue LED. 
FIG. 31 is a spectrum diagram showing emission spectra of 

Eu^* ion doped Ca a -sialon phosphors with different doping 
20 ratios. 

As shown, only one peak is observed that continuously 
shifts from 560 nm to 590 nm according to increase in doping 
ratio of Eu^* ion. Also in the emission spectra, like the 
excitation spectra in PIG. 30, the maximum peak intensity is 
25 observed at Eu^* Ion doping ratio of 50%. When doping ratio 
exceeds 50%, the peak intensity lowers due to concentration 
quenching. However, it is still higher than doping ratio of 
30%. 

The reason why the Bu^* ion doped Ca-a-sialon phosphor 
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has still higher emission intensity Lb, as described earlier, 
that distance between Eu^* ions doped is as far as about 5 
angstrows , Namely, since the distance betvreen between Eu^* ions 
doped is relatively big, the emission intensity does not so 
5 rapidly lowers even when the amount of Eu^* ions doped increases . 
Thus, it is less subject to concentration Quenching. 

Next, rav7 powders of Ca-Qf-sialon (1) and Pr-a-sialon 

(3) are mixed at molar ratio of S0:50« then reacted using hot 
pressing apparatus (Misshingiken-sha, WBV.HP3) at a pressure 

10 of 20 WPa in nitrogen atmosphere (latm) of 17001C for one hour. 
Thereby, Pr^"^ ion doped Ca- a -sialon phosphor 
t Cao. 3 fiEuQ.:j5S 19,75^12,25^15,2500.75) is synthesized. 

FIGS . 32A and 32B are spectrum diagrams showing excitation 
spectrum and emission spectrum, respectively^ of Pr^^ ion doped 
15 Ca-a-sialon phosphor. 

As shown in FIG.32A, in the excitation spectrum, a broad 
peak at 263 nm and an emission line peak based on f-f transition 
of Pr^* ion at around 460 nm are observed. As shown in PI6-32B, 
in the emission spectrum, an emission line peak based on f-£ 
20 transition of Pr^* ion at 450-750 nm are observed. 

Next, raw powders of Ca-a-sialon (1) and Tb-a-sialon 

(4) are mixed at molar ratio of 50:50, then reacted using hot 
pressing apparatus (Nisshingiken-sha. NBV-HP3) at a pressure 
of 2 MPa in nitrogen atmosphere (latm) of ITOOt:; for one hour. 

25 Thereby, Tb^* ion doped Ca- a -sialon phosphor 
(Ca0.38Tb0.25Si9.75Al3.25W15.25O0.7s) is synthesized . 

FIGS. 33A and 33B are spectrum diagrams showing excitation 
speccrum and emission spectrum, respectively, of Tb^* ion doped 
Ca- a -sialon phosphor. 
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As shown in FIG-33A, in ttie excitation spectrum* a broad 
peak at 263 nm Is observed! As shown in FIG.33B, in the emission 
spectrum, an emission line peak based on f-f transition of Tb'* 
ion at 470-650 nm are observed. This emission line peak becomes 
5 maximum at 550 nm and is observed as green emission. 

Next, raw powders of Ca-a-sialon (1), Eu-a-sialon (2) 

and Dy- a -sialon (5) are mixed at molar ratio of 50 : 40 : 10 , then 

reacted using hot pressing apparatus (Nisshingiken-sha, 

NEV-HP3) at a pressure of 20 MPa in nitrogen atmosphere (latm) 

10 of 1700*0 for one hour. Thereby, Eu^* and Dy^* ion co-doped Ca- 

a -sialon phosphor (Ca6.3eEub.2oI>yo.osSi9,75Al2, 35^15,2500. 75) is 
synthesized. 

PIGS « 34A and 34B are spectrum diagrams showing excitation 
spectrum and emission spectrum, respectively, of Eu^* and Dy^* 

15 ion co-doped Ca-Qj-sialon phosphor. 

As shown in FIG.34A, in the excitation spectrum, two broad 
peaks at 290 nm, 450 nm are observed. Of the two peaks, peak 
of 290 nm belongs to excitation peak of Ca- a? -sialon, matrix 
material, and peak of 450 nm belongs to charge transfer 

20 absorption band of Eu- (N or O) , As shown in FIG.34B, in the 
emission spectrum, only one peak based on d-f transition of Eu^* 
ion is observed. 

Next, raw powders of a -sialon (6) and Bu- Of -sialon (2) 
are mixed at molar ratio of 95:5. then reacted using hot pressing 
25 apparatus (Nisshingiken-sha, NEV-HP3) at a pressure of 20 HPa 
in nitrogen atmosphere (latm) of 1700*C for one hour. Thereby, 
Eu^* ion doped Y- a sialon phosphor 

(Yo.38EUo.o2Si3.7sAl2.a5N^5. 2500.75) is synthesized. 

P1GS,35A and 3 SB are spectrum diagrams showing excitation 
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Spectrum and emission spectrum^ respectively, of Eu^* ion doped 
y-or-sialon phosphor. 

As shown in FIG.35A, in the excitation spectrnm, two broad 
peaks at 310 nm, 410 nm are observed. As shown in FIG.35B, in 
5 the emission spectrum, only one peak at 570 nm based on d-f 
transition of Eu^* ion is observed. 

Next, Yb^"*- a -sialon (Ybo.sSi9.7sAla.2sN1s.2sOo.7s) (7) is 
in- situ prepared as phosphor. 

PIG. 36 is a spectrum diagram showing (a) excitation 
10 apectrxim and (b) emission spectrum, respectively, of Yb^*- a 
'-sialon phosphor. 

A3 shown in FIG. 36, in the excitation spectrum, a broad 
peak at 240 nm is observed and, in the emission spectrum, a peak 
at 510 nm based on d-f transition of Yb^" ion is observed. 

15 Next, Er^*- a -sialon (Er0.sSl9.75Al2.25N1s.2sO0. 75) (8) is 

in- situ prepared as phosphor. 

PIG. 37 is a spectrum diagram showing (a) excitation 

spectrum and (b) emission spectrum, respectively, of Er^*- a 

-sialon phosphor. 
20 As shown in FIG. 37, in the excitation spectrum, a broad 

peak at 263 nm and an emission line peak based on f -f transition 

of Er^*at around 400 nm are observed and, in the emission spectrum, 

an emission line peak based on f-f transition of Er^*at SOO-600 

nm is observed. 

25 Meanwhile, it will be obvious that details of raw material 

preparation, molar ratio, preparation condition etc. can be 
modified other than the above ones. 

In the rare -earth element doped oxide nitride phosphor, 
the position of excitation spectrum shifts to longer wavelength 
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side than conventional oxide phosphors and the absorption peak 
overlaps with the emission wavelength (450 to 550 nm) of blue 
LED. Therefore, it allows LED 1 including blue light emitting 
element 10 to have a high brightness, 
5 Further, since the rare-earth element doped oxide nitride 

phosphor has a-sialon as matrix material, it has excellent 
mechanical and thermal properties and excellent chemical 
stability. Therefore, the rare- earth element doped oxide 
nitride phosphor can be stably operated even in severe 

10 environment, i.e., it has excellent weather resistance. 
<Example (1-2) > 

Another example of single-phase a-sialon phosphor is 
prepared as Samples A to G and K to N in Example (2-5) described 
later, and the fluorescent properties are measured. 

15 Example 2: preparation of mixed a-eialon phosphor 

Examples (2-1) to (2-5) relate to preparation of mixed 
a-eialon phosphor. 
CBxample (2-1) > 

A mixture of Si3N<, : EuaOa : CaO: AIM = 79.0:1.5:2.2:15.8 
20 (molar ratio) (where calcium carbonate is added as CaO) is molded 
in a 10 mm diameter mold at 200 kg/cm^ . Then, it is hot-press 
sintered at a pressure of 20 MPa in nitrogen atmosphere (latm) 
of 1700^: for one hour. After the heating, the sintered body 
is powdered. As the result of powder X-ray diffraction analysis 
25 (Rigaku-sha, RIMT2200) , a material of 66 weight% a-sialon, 18 
weight% /3-sialon and 15 weight% unreacted a -silicon nitride 
is obtained. 

The entire powder composition is represented by as - slalom 
composition formula: (Cao.ii, EUo.iJ (Si* Al)i2(0, N)i6. 
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FIG. 3 8 is a spectrum diagram shoeing excitation spectra 
in Example 2-1 (full line (1) ) and Example 2-2 (broken line (2) ) 
of mixed a -sialon phosphor. FIG. 39 is a spectrum diagram 
showing emission spectra in Example 2-1 (full line (1) > and 
5 Example 2-2 (broken line (2)) of mixed a-sialon phosphor. 

As shown by (1) in FIG, 38, in the excitation spectrum, 
a peak ac around 300 nm belongs to excitation of matrix Ca- 
Oi-sialon, and a peak at 300-500 nm belongs to charge transfer 
absorption band of Eu- (O, N) . Therefore, it can be excited by. 
10 emission light of inGaN system blue LED (450 to 550 nm) . As 
shovnby (1) in FIG. 39, in the emission spectrum, a peak at around 
560 nm is observed, 
<Example (2-2) > 

A mixture of Si3N4: EU2O3 : CaO: AlW: AI2O3 
15 75 . 9 : 1 , 0 : 3 .2 ; 17 . 2 : 1 .72 (molar ratio) (where calcium carbonate 
is added as CaO) is molded in a 10 mm diameter mold at 200 kg/cm^. 
Then, it is heated in argon atmosphere of 1750 *C for two hours. 
After the heating^ the sintered body is powdered. As the result 
of powder X-ray diffraction analysis (Rigaku-sha, RINT2200) , 
20 a material of 68 weighc% a-sialon, 24 weight% ^-sialon and B 
weights unreacted OJ -silicon nitride is obtained. 

The entire powder composition is represented by a -sialon 
composition formula: (Cao.15. EUo.gs) (Si* Al)i3(0, W)i6, 

As Shown by (2) in FIG. 38, in the excitation spectrum, 
25 a peak at around 350-500 nm is observed. As shown by (2) in 
FIG. 39, in the emission spectrum, a peak at around 550-650 nm 
is observed. 
CExample (2-3) > 

A mixture of Si3N4 : Tb203 : CaO : A1N° 79.0:1.5:2.2:15.8 
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(molar ratio) (where calcium carbonate is added as CaO) is 
molded in a 10 mm diameter mold at 200 kg/cm^ . Then, ic is heated 
in nitrogen atmosphere of 1700 IC for two hours. After the 
heating, the sintered body is powdered. As the result of powder 
$ X-ray diffraction analysis (Rigaku-sha. R1WT2200) , a material 
of 68 weight% a-sialon, 16 weights j3-sialon and 16 weight% 
unreacted a -silicon nitride is obtained. 

The entire powder composition is represented by Ct -sialon 
composition formula: (Cao.n, 5'bo.i4) (Si, Al)i2(0, 
^0 The material has main peaks at around 600 nm and 540 nm. 

<Example (2-4) > 

A mixture of Si3N4: YbzOs: CaO: AlN: AI2O3 = 
75.9:1.0:3,2:17.2:1.72 (molar ratio) (where calcium carbonate 
is added as CaO) is molded in a 10 mm diameter mold at 200 kg/em^. 
15 Then, it is heated in nitrogen atmosphere of 1750 *C for two 
hours. After the heating, the sintered body is powdered. As 
the result of powder X-ray diffraction analysis (Rigaku-sha, 
RZNT2200) , a material of 70 weight% a-sialon. 22 weighc% 8 
-sialon and 8 weight* unreacted Q! -silicon nitride is obtained. 
20 The entire powder composition is represented by CK - sialon 

composition formula: (Cao.15- Ybo.oc) (Si. ADiafO, N)i6. 

The material has a broad peak at 450 to 600 nm. 

In the mixed a -sialon phosphor, the position of 
excitation spectrum shifts to longer wavelength side than 
25 conventional oxide phosphors and the absorption peak overlaps 
with the emission wavelength (450 to 550 nm) of blue LED. 
Therefore, it allows LED 1 including blue light emitting element 
10 to have a high brightness. 

Further, since a *sialon is developed as a heat-resistant 
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material, it has excellent meclxanical and thermal properties 
and excellent chemical stability. Therefore, the mixed Ct 
-slalon phosphor can be stably operated even in severe 
environment, i,e,. it has excellent weather resistance. 
S <£xaniple (2-5) > 

Next, various Ca- a -sialonrEu^* phosphors are prepared 
and the fluorescent properties are measured. Samples A to G 
are single-^phase 0(-sialon phosphors and Samples K to M are 
mixed CK-sialon phosphors. 

10 In preparing Ca- a -sialon:Eu^* phosphor, starting 

materials, CaO, Sl^Vl^s AIN, AI2O3 and EU2O3 are weighed to have 
a given ratio, then wet-mixed with acetone. The mixed material 
powder is filled into Mo container, which is made using 0,1 mm 
thick Mo (module) plate. Then, it is sintered using RP 

15 induction heater in argon atmosphere of 100-1750 . 
atmospheric pressure for two hours, as shown by temperature 
profile in FIG. 40. 

FIG. 41 is a table showing the composition (molar ratio) 
of Samples A to N, Ca- o: - sialon: Eu^" phosphors. PIG. 42 is a 

20 table showing atoro% of Samples A to N. Ca- a -sialon:Eu^* 
phosphors. In PIGS. 41 and 42, ^3 015 means m=3 . 0 and n"1.5 in 
general formula of Ca-a-sialon= Cao.sinSii2-(iti*n)Al(,„*n)OnN6-ft ► In 
like manner, 2010 means m^2;0 and n=l,0. 1005 means m°1.0 and 
n-0-5, 3030 means ma3.G and n=3.0, 2015 means m=2 , 0 and n-l . 5 , 

25 05025 means m°0.5 and n=0.25, 0505 means m=0.5 and n°0.5 and 
2613 means m'«2.6 and n=1.3. Also, Eu/Ca means element ratio, 
and Eu% means Eu replacement ratio to all Ca sites. In atom%. 
each element numerical ratio is indicated assuming the number 
of all atoms to be 100. 
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FIGS. 43 to 52 are specurum diagrams Bhowing 
excitation/emission spectra, which are claseified into five, 
in Samples A to N . Samples A to N are measured in state of powder 
at room temperature, 
S In Samples A, B and C, EU2O3 ie made 3 . 0 mol% of the entire 

composition and m, n are changed. The excitation spectra are 
shown in PIG. 4 3 and the emission spectra are shown in FIG. 44. 

In Samples D and E, EU2O3 is made 3.0 mol% of the entire 
composition and m^ n are determined such that its N/o ratio is 
10 smaller than that of Samples A, B. The excitation spectra are 
shown in FIG. 45 and the emission spectra are shown in PIG. 46. 

In Samples G and EU5O3 is made 1,5 mol% of the entire 
composition and m, n are changed. Samples P, G have the same 
m, n values as Samples A, B and less Bu content than them. The 
15 excitation spectra are shown in FIG. 47 and the emission spectra 
are shown in FIG < 48. 

In Samples I and J, Eua03 is made 1.0 mol% of the entire 
composition and m, n are changed* Sample I has the same m, n 
values as Sample H and less Eu content than it. Sample J has 
20 smaller N/o ratio than Sample I» The excitation spectra are 
shown in FIG. 4 9 and the emission spectra are shown in FIG. 50. 

In Samples K, M and Eu^Oa is made 1.0 to 1.2 mol% 
of the entire composition and m, n are changed. Sample K has 
the same m, n values as Sample A and less Eu content than it. 
25 Samples M, N have the same m, n values as Sample B and less Eu 
content than it. Sample L has m, n values in between those of 
Samples K and M» The excitation spectra are shown in FIG. 51 
and the emission spectra are shown in FIG. 52. 

FIG. 53 is a spectrum diagram showing excitation spectra 
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of Samples A to J. FIG. 54 is a spectrum diagram showing emission 
spectra of Safiiples A to J. PIGS. 53 and 5ft are provided to 
facilitate the comparison in fluorescent property between 
Samples A to J. 

5 since Ca-QJ-sialon is defined by the general formula: 

Cao.5rQSii2. (in+n)Al(a^n)OnN6,n, to increase m value means that the 
content of Ca, Al increases and the content of Si decreases . 
To increase n value means that N/O ratio decreases and the 
content of Si decreases . Also , since CaO is used as ravr material , 

10 it is necessary that the relation of m and n satisfies 2m^n. 
So, if Ca content is fixed, N/O ratio becomes maximum when 2m"n. 

With reference to PIGS .53 and 54, by comparing the 
excitation and emission spectra in 14 kinds of samples A to sr, 
the next knowledge's are obtained . 

15 1. When Eu content to the entire composition is fixed and 

Ca content is increased, there is a tendency chat both 
excitation and emission spectra shift to longer wavelength side« 
and the emission intensity increases. However, when the Ca 
content increases, m increases with it and the Si/Al ratio 

20 decreases. This indicates a possibility chat configuration 
environment around Eu is different. 

2. When m, n values are fixed and Eu/Ca ratio decreases, 
there is a tendency that both excicacion and emission spectra 
shift to longer wavelength side, and the emission intensity 

25 increases. It is estimated that Eu% in around 15 to 20% is 
optimum. 

3. When m value is fixed, n value increases and N/O ratio 
decreases^ it is found that the excitation and emission spectra 
shift to shorter wavelength side (AD, BE) , or to longer 
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wavelangth side (1, J) . In all cases, the emission intensity 
lovfers • Thus , according as n value changes, Si/Al ratio changes 
and therefore its influence is to be considered. 

4. with regard to the excitation spectra, it is assumed 
5 that there are peaks at around 300, 390 and 450. However, peak 
at around 300 nm does not change in all samples. On the other 
hand, there is a tendency that the peak intensity ratio at around 
400 and 450 nm depends on Eu content to the entire composition 
and snore the Eu content is, higher the intensity at around 450 
10 nm is. 

Example 3 : preparation of cerium ion doped lanthanum 

silicon nitride phosphor 

LaN, Cell and Si3N4 are used as raw material powder, weighed 

to have a molar ratio of LaN: CeN: 813^4 °0. 7:0. 3:1.0- These 
15 poWders are mixed in a mortar inside a glove box of argon 

atmosphere. Mixture powder obtained is formed into pellet, 

then sintered in nitrogen atmosphere of 10 atm, 1900 *C for two 

hours by using a reaction sintering furnace. Thereby, 

Lao.7Si3l7s:0.3Ce is synthesized. 
20 FIG.55A is a spectrum diagram showing excitation spectrum 

of Lao '7Si3N5:0.3Ce. FIG.55B is a spectrum diagram showing 

emission spectrum of Lao.vSiaNs : 0 . 3Ce . 

As shown in FIG.55B, in Lao.7Si3N5 : 0 . 3Ce, blue emission 

is observed at 440 nm, 470 nm under ultraviolet ray radiation 
25 of 358 nm. In general, Ce^^ ion gives emission based on the f -d 

transition of (5d) excitation state to (4f) ground state. 

Therefore, it is assumed that blue emission observed belongs 

to transition of ^T, (5dM ^F5/2 (4f ^) in Ce^* ion. Namely, 

assuming that nine N atoms located at Ce^" ion in Lao.7Si3W5 : 0 . 3Ce 
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form three-dimensional crystal filed to Ce^* ion, 5d orbital 
energy of Ce^* ion is split into and ^Tz. Further « by spin 
orbit interaction, with low energy level is split into T7 
and T5. 4f orbital energy is split into ^Fs/z and ^Fj/^ by spin 
5 orbit interaction. 

As shown in FIG.55A, in Lao.vSijNs : 0 , 3Ce, chree peaks are 
observed in the emission spectrum. Peak at 262 nm belongs to 
exited LaSi^Ns/ matrix material. Shoulder peak at 315 rnn and 

peak at 358 nm belong to ^Fs/a-^^Ta and ^Fy/2'^^'^2* respectively, 
10 in Ce^^ ion. 

Viewing from these, it is understood that Lao.TSiaNs : 0 . 3Ce 
is ultraviolet ray excitation phosphor and blue emission 
phosphor. 

Next, LaN, CeW and SiaW^ are used as raw material powder, 
15 weighed to have a molar ratio of: 

(1) LaN: CeN: SijNi '0.9:0.1:1.0, 
[2] LaN: CeN: Si3N4 =0.7:1.3:1-0. 
[3] LaN; CeN: SijNa =0.5:0.5:1.0/ and 
[4] LaN: CeN: SijN^ °0. 9:1. 0:1.0. 
20 These powders are mixed in a mortar inside a glove box 

of argon atmosphere. Mixture powder obtained is formed into 
pellet, then sintered in nitrogen atmosphere of 10 atm, 1900 
for two hours by using a reaction sintering furnace. Thereby, 
Lai,xSi3Ns;xCe (x-O.l, 0,3, 0.5 and l.O) is synthesized. 
25 Excitation and emission spectra observed in the 

respective synthesized samples are, except for the emission 
spectrum, identical with those of Lao.7Si3Ns : 0 . 3Ce described 
above, The blue emission intensity changes depending on the 
ratio of Ce^* ion doped in solid solution replacement to La^* 
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site of LaSi3N5. 

PIG. 56 ie a graph showing blue emission intensity, which 
belong.s to transition of (SdM ^^P5/2 {4f ^) (at 440 xun) in Ce^" 
ion, depending on the ratio of Ce^^ ion doped in solid solution 
S replacement to La^"^ site of LaSiaNs. 

As shown in FIG. 56, the blue emission intensity increases 
until the ratio (x) of Ce^^ ion doped reaches 0.3. When 
exceeding 0.3, the blue emission intensity lowers due to 
concentration quenching- viewing from this result, it is 
10 understood that, in Lai.xSiaWs :xCe, 0.1<x<O.S is suitable to 
offer ultraviolet ray excitation phosphor. 

Next, LaN, CeN and 813^4 are used as raw material powder, 
weighed to have a molar ratio of : 

[1] LaN: CeN: SiaW^ =0.4:0.6:1.0, 
15 [2] LaN: CeN: SigN, =0.5:0.5:1.0, 

[3] LaN: CeN: SiaN^ »0 . 6 : 0 . 4 : 1 . 0 , 
[4] LaN: CeN: S±3^a °0 . 7 : 0 . 3 : 1 . 0, 
C5J LaN: CeN; Si3N4 "0.8:0.2:1.0. and 
[6) LaN: CeN: SiaN^ =0 . 9 : 0 . 1 : 1 . 0 • 
20 These powders are mixed in a mortar inside a glove box 

of argon atmosphere. Mixture powder obtained is formed into 
pellet^ then sintered in nitrogen atmosphere of 10 atm, 1900 
for two hours by using a reaction sintering furnace. Thereby. 
Lai-xSijNsixCe (x°0.6, 0-5, 0.4, 0.3, 0.2 and 0.1) is 
25 synthesized. 

FIG. 57 is a spectrum diagram showing cathode luminescence 
spectra obtained by excitation with electron beam of 5 keV 
acceleration voltage in synthesized samples. 

AS shown in FIG .57, even when the ratio (x) of Ce^* ion 
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doped lowers from 0.6 to 0 . 1, the cathode luminescence intensity 
increases, viewing from this result, it is understood that, 
in Lai-KSi3Kr$:xCe, 0.0<x<0.2 is suitable to offer electron beam 
excitation phosphor applicable to VED or FED. 
5 In the cathode luminescence spectra in FIG-S7, which is 

slightly different from that in PIG-55B, there is observed an 
emission that belongs to three transitions of ^T^iSd^) : ^T^CSd^) 
-^^F5/2T7{4f^> , ^T2(5dM-^^Fs/2(4f^} and ^Ts (5d^) -^^F7/2 («f ^) , This 
is assumed because, according as the ratio of Ce^* ion doped 

10 changes, configuration environment around Ce^* ion changes, 
thereby the emission intensity of Ce^* ion, which belongs to 
transitions of ^T^ (5dM -^^Fs/aT? (4f ^) and ^Ta (SdM -^^Fs/aTs (4f ^) in 
Ce^* ion, changes. 

The details of synthetic method, conditions of 

15 Lai.xSi^NsixCe are not limited to that described above and may 
be modified variously. 

in Brief, the light emitting apparatus in preferred 
embodiments of the invention is structured as follows (l) to 
(21) , 

20 (1) in claim B attached herein, the light emitting element is 
mounted on a cup portion of lead frame, and a light transmitting 
material containing the phosphor is filled in the cup portion. 

(2) in claim 3 attached herein, the light emitting element is 
mounted on a cup portion of lead frame, and a phosphor layer 

25 composed of a light transmitting material containing the 
phosphor is formed on the surface of the light emitting element- 

(3) in claim 3 attached herein, the light emitting element is 
mounted on a cup portion of a lead frame, and the light emitting 
element and part of lead frame are covered vrith a light 



2003^11^298 mi>^ HJRATA&PARTNERS NO. 6430 P. 41/41 

70 

transmitting material containing the phosphor. 

(4) in claim 3 attached herein, the light emitting element is 
mounted on a substrate, and a phosphor layer composed of a light 
transmitting material containing the phosphor is formed on the 

5 surface of the light emitting element. 

(5) in claim 3 attached herein, the light emitting element is 
mounted on a substrate, and the light emitting element is sealed 
with a of a light transmitting material containing the phosphor. 

(6) in claim 3 attached herein, the light emitting element is 
10 mounted on a cup portion provided on a substrate, and a light 

transmitting material containing the phosphor is filled in the 
cup pore ion. 

(7) in claim 3 attached herein, the light emitting element is 
mounted on a cup portion provided on a substrate, and a phosphor 

15 layer composed of a light transmitting material containing the 
phosphor is formed on the surface of the light emitting element, 

(8) in claim 3 attached herein, a phosphor layer composed of 
a light transmitting material containing the phosphor is formed 
on the surface of the substrate of the light emitting element. 

20 (9) in the light emitting apparatus (8) , a phosphor layer 
composed of a light transmitting material containing the 
phosphor is also formed on the side of the light emitting 
element. 

(10) in claim 4 attached herein, a phosphor layer composed of 
25 the phosphor is formed on the surface of the substrate of the 

light emitting element- 

(11) in the light emitting apparatus (10) , a phosphor layer 
composed of the phosphor is also formed on the side of the light 
emitting element. 
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(12) in claim 3 attached herein^ a reflection plate is provided 
in Che emission direction of the light emitting element. 

(13) in the light emitting apparatus (12) , a phosphor layer 
composed of a light transmitting material containing the 

5 phosphor is formed on the surface of the reflection plate to 
face the light emitting element, 

(14) in claim 4 attached herein* a reflection plate is provided 
in the emission direction of the light emitting element. 

(15) in the light emitting apparatus (14) , the reflection plate 
10 is of the phosphor, and the reflection plate Includes a mirrored 

surface opposite to its surface facing the light emitting 
element . 

(16) in claim 3 attached herein, a phosphor layer composed of 
a light transmitting material containing the phosphor is 

15 provided in the emission direction of the light emitting 
element . 

(17) in claim 4 attached herein, a phosphor layer composed of 
the phosphor is provided in the emission direction of the light 
emitting element. 

20 (18) in the light emitting apparatus (16) or (17), a light 
guiding member composed of light introducing surface and light 
emitting surface is further provided, the light emitting 
element is disposed facing the light introducing surface of the 
light guiding member, and the phosphor layer is disposed between 

2S the light emitting element and the light introducing surface 
of the light guiding member. 

(19) in the light emitting apparatus (16) or (17), a light 
guiding member composed of light introducing surface and light 
emitting surface is further provided, the light emitting 
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element is disposed facing the light introducing surface of the 
light guiding member, and the phosphor layer is disposed on che 
light emitting surface side of the light guiding member. 

(20) in the light emitting apparatus (19) . a layer of light 
5 transmitting material is further provided between the light 

guiding member and the phosphor layer. 

(21) in any one of the light emitting apparatuses (1) to (20) , 
the light emitting element is III group nitride system compound 
semiconductor light emitting element. 

10 

Advantages of the invention: 

As described above, in the invention « LED 1 is structured 
such that the light emitting element 10 is mounted through 
adhesive 20 on the cup portion 33 provided on the lead frame 

15 30, the wires 40, 41 connected to the lead frames 30, 31 are 
bonded to the p* electrode and n-electrode of the light emitting 
element: 10, epoxy resin 35 with phosphor 36 dispersed therein 
is filled in the cup portion 33, and the light emitting element 
10, part of lead frames 30, 31 and wires 40, 41 are sealed with 

20 sealing resin SO of epoxy resin. In LED 1, the emission 
wavelength of the light emitting element 10 is in the range of 
360 to 550 nm, phosphor 36 is of rare-earth element doped oxide 
nitride phosphor or cerium ion doped lanthanum silicon nitride 
phosphor, and part of light from the light emitting element 10 

25 is wavelength -converted. Thereby, red color (color rendering 
property of red) can be enhanced as compared to that of 
conventional white LED. Also, with same system phosphor, green 
to red can be e3cpressed and therefore it is very advantageous 
to color mixture. 
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Although the invention has been described with respect 
to the specific embodiments for complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
5 construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the arc which 
fairly fall within the basic teaching herein set forth. 



